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ABSTRACT 


A practice in systems reliability studies has been to 
assume that the components making up these systems fail 
independently, i.e., correlation effects are ignored. As 
a result, the reliability computations are somewhat simpli- 
fied. Correlation among the system components, however, 
will in fact result in a shty which may be 
quite different from that ος πιστα under the assumption of 
independence. 

For serial systems, distributions are developed for the 
multivariate normal. The reliability of serial systems 
undergoing these failure distributions is then investigated 
for selected values of correlation. Comparison is made 
with reliability values assuming independent failure, com- 
puted using the "product rule" by multiplying the component 
reliabilities. The differences between these two estimates 
are tabulated and graphed. An analysis of the results indi- 
cates that increasing system complexity and correlation is 
accompanied by a corresponding increase in the reliability 
difference, and for certain parametric values the effect of 


correlation can be quite important. 
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SUMMARY and CONCLUSIONS 

A practice in systems reliability studies has been to 
assume that the components which make up these systems fail 
independently. This assumption permits system reliability 
prediction to be made solely on the basis of demonstrated 
component reliability. For example, the reliability of a 
serial system, composed of components connected in series, 
may be computed by multiplying in turn the reliabilities of 
the separate components. This is the product rule for 
reliability computation of serial systems. 

The environment in which components function as part 
of a system may be quite different from that present when 
tested singly. This difference may be a result of component 
interaction manifested by temperature or power fluctuation, 
stress, vibration, or any other factor which could result 
in the reliabilities of two or more components acting to- 
gether as a serial system to be different from the product 
of the component reliabilities. A measure of this inter- 
action is called correlation. | 

The failure "pattern" exhibited by a system is described 
mathematically by a joint failure distribution, and correla- 
tion is included as a distribution parameter. This distri- 
bution is “кар in computing system reliabilities. 

This study assumes the multivariate normal failure 
distribution. If zero correlation is assumed, component 
independence is implied, and in this special case the multi- 
variate normal distribution is equivalent to the product of 


the component failure distributions, where each component 


ეთ 


is normally distributed. If Interaction 15 net ილ! ია). 
however, a non-zero correlation value must be assigned in 
the failure distribution, and system reliabilities computed 
with the multivariate normal distribution are no longer 
equivalent to the product of the component reliabilities. 
The difference between the two is thus a measure of the 
error introduced by the assumption of independence, if in 
fact correlation is non-zero. The derivation and analysis 
of this "difference function" is the purpose of this paper. 

The first part of the study deals with two-component 
serial systems with the bivariate normal failure distribution, 
which is simply a special case of the multivariate normal 
distribution. The second part of the study deals with the 
general multivariate normal distribution. Іп each case, a 
reliability difference function is developed. Reliability 
differences are computed for selected values of correlation, 
and the results tabulated, graphed, and analyzed. The find- 
ings of the analysis are as follows: 

1. The reliability difference increases with 
correlation. This error will result in a "conservative" 
reliability prediction by the product rule if corre- 
lation is positive, i.e., system reliability computed 
under the assumption of independence will be less than 
the actual reliability. On the other hand, if corre- 
lation is negative, system reliability will be less 
than that computed using the product rule. 

2. The reliability difference increases with 


system complexity. That is, the greater the number of 


12 


components in a system, the more marked is the effect 
of correlation. 
3. The error introduced by ignoring correlation 


becomes significant for certain values of covariance. 


The rather wide margin of error which may be introduced 
by the assumption of independence would indicate that com- 
ponent reliability information is insufficient evidence upon 
which to base system reliability predictions. Correlation 
information would appear to be a necessary adjunct. Further- 
more, increasing positive correlation seems to be a proper 
design improvement objective as an alternate to increasing 
component reliability when system reliability improvement 
is desired. 

The data in the tables presented have been computed for 
the standard normal (1-0,0451): In Appendix I it is ex- 
plained how to use the tables for the more general case 


in which the normal failure distribution is not standard. 
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1. Introducti 

A practice in system reliability studies has been to 
assume component independence, i.e., to ignore correlation 
effects. This has greatly simplified reliability computa- 
tions. For example, the reliability of a series system, 
assuming independence, may be obtained by multiplying 
the individual component reliabilities together. This 
"product rule" has provided what amounts to a thumb-rule 
approximation for the reliability of a system composed of 
components which in reality may have a wide range of corre- 
lation values. The purpose of this paper will be to study 
the impact of the independence assumption on the accuracy 
of reliability measurement for such a series system. 
1.1 Failure distribution 

This study will be limited in scope to that of a single 
failure distribution, the multivariate normal. (A similar 
study has been made of the bivariate exponential and geomet- 
ric distributions. м 

The random vector T 1s diStreiputed ον πο πμ ο μμ 
normal if the joint density of T T 


, LL 18 


17 127: + ° N 


1/2 
αμ. 


Ν 
(21) 5/2 


f(t) = £(ti,tó,...,t exp[-1/⁄/2 (ε-μ) 4.) 


(A 
where y represents the N by l vector of means, which for our 
study is assumed to be composed of elements identically 
equal to zero, T 15 the К-атшенвколатекапсот е 


(T); T,, ””'” ' and S is the invers emo pa 


№’, 


Covariance matrix V: 
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It should be noted that V is an N by N symmetric, positive 
definite matrix. [5]. In both the bivariate and multi- 
variate cases to be studied, a value of one is assumed for 
the variances, which are the AT of the main diagonal 
in V above. Thus the main diagonal elements of (1.2) are 
identically equal to one for the purposes of our study. 

By definition, the correlation between two jointly 


distributed random variables is 


ດ ເຊຍ 
1) 

1) πο. ος, 

11 J) 
where Do are the off-diagonal elements of the covariance 
matrix. In system reliability prediction, the importance of 
correlation, and therefore the covariance matrix, is derived 
from the notion that SÉ is a measure of component inter- 
action, or interdependence. This interaction may be present 
is a rather wide variety of forms, resulting in a value for 
ОТ from — to aA, 
1) 

The multivariate normal distribution provides an accurate 
representation of the service lifetimes for a variety of 
components. [13], The difficulty of evaluating the multi- 
variate normal, however, has inevitably led to the assump- 


tion of independence in reliability computations. The nature 


of component interaction in a given system will determine the 


> 


error introduced by such an assumption. An analysis of this 
error will first be made for the two-element, bivariate 
normal case. 
24 The Bivariate Normal Distribution 

In this section we shall be concerned with developing 
and analyzing the reliability difference function associated 
with a system composed of two elements connected in series. 
2.1 System reliability 

Two cases will be examined: the case in which the 
correlation coefficient, p, is zero, and that in which 
O I: 


For the case p = 0, the component reliability is 


со 


РЕР ВРЕ “ად 


' 
R, (h') 
System reliability is then 


Ра = P(T)2h')-P(T,2k") 
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(232) 
In terms of v and w, then, 
R (h,k) = առաւ | I exp[-——2á——  (w^-2wv*v?) ]dwdv 
D ! ], ! 2 
2πν]-ρ2 h'k 2(1-p°) (2.3) 


2.2 Reliability difference function 
To obtain a quantitative expression for the effect of 
correlation on system reliability, a reliability difference 


function will be defined as follows: 
AR(h,k) = Rp (h,k) — R, (h,k), (2.4) 


where Ry (h, k) and R, (h,k) are given by expressions (2.3) and 
(2.1) respectively. Thus R(h,k) represents the difference 
between system reliability when there is correlation and 
system reliability when there is no correlation. 

In order to do the necessary calculations, a computer 
program was developed (utilizing existing programs which 
evaluated R; (h,k) and Ry (h,k) that computed AR(h,k)) for 
given parametric values. [8], [10]. The results of these 
computations are presented in Tables 2.01-2-23, and Figures 


ա 1-2.5. 
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Explanation of Tables and Figures 
Tables 2.01, 2.025 2.059, 2204, 2305; 27067 АЕ 
2.10, 2.11, 2.12, 2713, 29175, 2.16, 2.17 i 
2.20 list values of Rl, R2, RI and RD for selected values 
of H, A, and RHO: 
A - the ratio of K to H, where K and H 
are the lower bounds of the double 


integral given by (2.3). Data com- 
puted for A = .5, . №0 


RHO =p - correlation between two variables. 
Data Computed for RHOP= .1, 73, 257 
E ‚9. 

LI = R, (h) - reliability of component l. 

12. = В. (К) - reliability of component 2. 

RI = R, (h,k) - two-component series system relia- 


bility, "RHe = 0. 


RD R5 (h,k) - two-component series system relia- 


pille ეთ ი. 

As an example of the use of these tables, assume it is desir- 
ed to determine Rl, R2, RI and RD for A = K/H = .7, RHO = .5， 
and H = -1.10. One would first find the table for which 
А = .7 and RHO = .5. This is Table 2.10. Look down the 
left-most column for H = -1.10. Opposite this number the 
values Rl = .864334, R2 = .779350, RI = .673619, and 
RD = .713343 may be read. 

Tables 2.07, 2.14, and 2.21 list the bivariate normal 
reliability differences, RD-RI, calculated from the values 
of RD and RI given in the tables indicated above. Each of 
these tables is for a different value of A. 

Figures 2.1, 2.2, and 2.3 show graphs which have been 
plotted from the data tabulated in tables 2.07, 2.14, and 


2.21 respectively. Each graph is for a different value of 


18 


RHO. As an example of the use of these figures, suppose 

the reliability difference was desired for A = .5 and 

ο Т.О ан = =1.0. t oHsulting Figure 2.1, and reading 

off the uppermost curve, a value оЁ .11 may be approximated. 
plot of Rp (hk) for p equals .9 has been superimposed 

Б Біспуе 2.2. 

Tables 2.22 and 2.23 present data from previous tables, 
rearranged in order that an analysis of the influence of 
changing A on the reliability difference function may 
easily be made. These data are plotted in Figures 2.4 and 
2.5, for RHO = .l and .7 respectively. 

A study of the graphs presented in this section reveals 
that the reliability differences vary from zero, for p 
equals zero, to .25 for p equal to one. This is approx- 
imately a linear increase in reliability difference with 
increasing correlation for p less than .7. 

A plot of Rp (h, k) for p equals .9 has been superimposed 
on Figure 2.2 to indicate the type of system upon which the 
effect of correlation would be most significant. As may be 
seen from this figure, a system with a reliability greater 
than .85 would have a reliability difference less than .06 
for a correlation of less than .9. On the other hand, a 
system with a reliability between .25 and .65 would have a 
reliability difference of between .15 and .18 over that of 
a system with zero correlation. 

Figure 2.4 shows curves which appeared in previous 
Figures. Here, however, curves having the same value of p 


are plotted for different values of A. If the magnitude of 


9 


A is assumed to be an indicator of the similarity of the 
two components which make up the system, then due to the 
relatively minor differences between the curves, it would 
appear that similarity is not an important factor in deter- 
mining the reliability difference. 

In summary, we may say that the assumption of indepen- 
dence among two-element series systems of high reliability, 
whether they are identical or not, will probably not intro- 
duce significant error into the reliability computation. 
Systems of low to intermediate reliability, however, may 
have approximately a 23-72$ error introduced into the 
reliability prediction if correlation is ignored. This 
error will result in a "conservative" reliability predic- 
tion if p is positive. That is, system reliability com- 
puted under the assumption of independence wi dl BE 
than thë actual relliapripmey On the other hance 7» 
negative, system reliability will be less than that com- 


puted using the product rule. (See section 3.4.) 
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KABINE 2.01 


Tablc of Component and System Reliabilities for 
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“I > Ք ` ԻՆ 5.919945 272916894 ғр- .917057 
.>.-2 2) աար WEL 5911452 23150908332 кр= . 908531 
ы: -2,60 612 .929439 ຈ2> .905199 212 .898989 RD: .899265 
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Table of Component and System Reliabilities for 
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.087874 
0 72001 
.060069 


MD = 
RD: 
RD: 
RD= 
RD: 
HD: 
KD = 
RD = 
Кр = 
RD = 
RD: 
RD= 
KD: 
кр = 
ер = 
чр = 
кр = 
мр = 
Кр = 
чр = 
нр = 
RD: 
RD= 
RD= 
RD = 
RD: 
RD: 
RD: 
2 = 
RD = 
RD: 
кр = 
кр = 
Кр = 
КО = 
RD = 
RD: 
RD: 
мр = 
нр = 


.932241 
.925171 
.917484 
‚909134 
. 900069 
. 890232 
"879566. 
‚868005 
.855484 
‚841933 
. 827283 
‚811464 
‚ 794412 
‚776167 
795659 
.735311 
. 712843 
.688973 
.663724 
.637143 
. 609509 
. 580326 
.550333 
‚ 519495 
. 488006 
. 456081 
‚423956 
391880 


.360109 


„528897 
298499 
‚269131 
‚241021 
‚214351 
‚189274 
‚165912 
.144347 
.124628 
.106767 
.090742 


TABLE 2.03 


Table of Component and System Reliabilities for 


А = .2 RHI) = 5 
Е1- .998650 Ras ,933193 3152 .931933 RD= .932604 
RIS .998134 R2- .926471 31-2 .924742 RD= .925660 
R1- .997445 R2- .919243 “ЧІ: .916894 Кр: .918137 
R1iz „9965933 R2= .911492 RI= .908332 Ер: .909997 
KI: „9295339 R2- .903199 NI: .898989 RD: .901198 
К1: .993790 R2= .894350 ХІ: .888797 KD= ,891695 
PI: .991802 R2= .884930 RI: .877676 RD: .881441 
FIS .9892716 R2- .874928 NI: .865545 RD: .870385 
R1= .986)97 Яг: „864334 ЧІ: .852317 RD: .858474 
215 „932156 Яг: „853141 AI: .857900 RD: .845652 
hl1= .977250 Ra: «8413245 RI: .B22204 RD: .831861 
кіс .971284 R2= .B28944 SI: .805140 RD: .817044 


кіс .964070 R2= .815940 *l= .786623 RD: .801144 
ні: .9255435 R2= .802338 41: .766581 RD: .784107 
RI: .945201 R2= „788145 Rl: .744955 RD: .765884 
Riz .933193 R2= .773373 ՎՀՎԼՀ .721706 RD: .746436 
#1= .919243 R2- .758036 QI: .696820 RD: .725731 
R1s .903199 R2= .742154 41-2 «670515 RD: .703753 
ი1= .884930 RA: .725747 <41= .642235 RD=..6805N2 
Р1= „864334 Ra: .708840 ՀՀ .612675 RD: .655999 
R1= .841545 R2= .691462 SI: .581758 RD: .630284 
(12 .815940 .67/5645 21-,,549654 RD= .603425 
#1= .788145 R2= .655422 «αἱξ .516567 ROS .575512 
"F1- .758036 R2= .636831 ՎԼ- .482741 RD= ‚546666 
125 .725747 R2= .617911 +]: .448447 RD= .517029 


К1: .6914602 R2= .598706 31: .413983 RD: .486770 
Ri= .655422 R2= .579260 Rl= .379659 RDz .456079 
a y . 517991 .R22945296428 Phe - 345794 502 .425165 
К1= ,579260 R2= .539828 ՎԼՀ .312701 Ds .394249 
Η1ΙΞ «269898 R2= .519939 l= .280678 RD= .363561 
R1: .500000 Re= .500000 ՎԼ- .250000 RD= .333333 
νύ. "Πες რ“-.ა480061 31-2 .220911 PD 303794 
RIs .420740 R2= .460172 31s .193613 RD: .275161 
Ri= .382089 R22 .440382 ՎԼ- .168265 nD: .247635 
Р1= .344278 R2= .420740 331-2 .144978 RD: .221397 
R1= .308528 R2= .401294 3I= .123814 RD= .196601 
Pl= „27985 R2= .382089 Rem. 104789 RD= .173370 
К1= .241964 πο ,365169 αἱ- «0867874 KD= .151799 
Себа 2105553 ,%2-4,344278 51-,,075001 402 .181946 
-1= .184060 R2: .326355 R21= .060069 RD= .113840 


25 


735770 
-2.90 


“ава 0 


>) 
-2.40 


gEg ^! 
+” 1ს 


-1 50 
“1.70 


თი C 2 64 


Table of Component ard System Reliabilities for 
Y 


Rs 


oe 
Ris 
ki: 
515 
15 
HL: 
ЕЙ т 
H1- 
L1 = 
Ri: 
Fic 
KI: 
(1 > 
> 
нас 
К1- 
kl: 
KI: 
Ris 
м1 = 


.998650 
. 998154 
. 997445 


996535 
. 995339 
995150 


991302 


‚ 989276 


«986097 
. 982156 
.977250 
971284 


964070 
‚955445 


. 945201 


. 933193 
.919245 
‚903159 
. 834930 


‚864354 
.841345 
.815940 
.788145 
7126956 
· 7 22747 
. 691462 
655422 
„617911 


‚579260 
539828 


‚500000 
460172 
420740 
.382089 
344578 


. 3085 $8 


„274254 
‚241964 
.211855 
.184060 


A 


на: 
R2= 
R2- 
R27 
R2= 
42= 
R2= 
2.233 
«ՀՀ 
42 = 
Ча: 
ՀՀ 
EE 
«ՉՀ 
R2: 
R2= 
423 
цаг: 
R2= 
R2- 
Re = 
KE 
R2- 
R2= 
R2= 
R2= 
R2= 
R2= 
на: 
KEE 
R2- 
R2= 
R2= 
R2= 
R2= 
KEE 
KEE 
Re = 
R2- 
R2- 


> 2H" 


9531953 
.926471 
919245 
911492 
903199 
. 894350 
.884930 
.874928 
‚864334 
.853141 
‚841345 
. 828944 
.815940 
. 802338 
. 788145 
SMS 
.-723036 
‚742154 
‚725747 
. 708840 
. 691462 
«6749645 
‚655422 
«6668541 
‚617911 
298705 
‚579260 
. 529618 
. 239828 
2919959 
.200000 
.480061 
.46017? 
‚440382 
420740 
. 401294 
. 382089 
. 5635169 
‚344578 
‚326355 


24 


ՆԱ 
4] 
4l 
RI 
ΤΙ 
4 | 
к | 


HE 


< | 


“іс 


+1 
41 
хі 
qi 
el 
RI 
3! 
41 
RI 
21 
2 1 
Sai 
"1 
=) 
2] 
RI 
2 I 
Al 
S 
41 
41 
Séi 
3l 
+ [ 


21: 


ՅԱ) 
21 
ՀԱ 


4 = 


41 


= 


-- 


== 
` 


. 931933 
.924742 
.916894 
‚908332 
. 898989 
.888797 
. 877676 
.865545 
‚852517 
. 857900 
. 822204 
.805140 
. 286625 
766221 
‚744955 
- 72 15108 
.696820 
‚670313 
‚642235 
‚612675 
. 581758 
. 549654 
. 516567 
.482741 
.448447 
‚413983 
.579659 
945794 
.512/01 
.280678 
.250000 
220911 
195615 
‚168265 
. 144978 
.123814 
.104789 
.087874 
. 073001 
. 060069 


ՀՍՀ 
м) = 
Кр = 
Кр = 
ВО = 
НО = 
КО = 


КО = 
RD= 
к) = 
RD: 
Кр = 
WD 
ads 


кр = 
«ՍՀ 
Bas 
RD= 
RD= 
КО= 
НО = 
КО = 
КО = 


RD = 
RD: 
PD- 
RD: 
RD: 
RD= 
К) = 
RD- 
«ՍՀ 
KDS 
«ըՀ 
RD= 
кр = 
кр = 


«964005 
. 926202 
. 918862 
‚ 10957 


902457 


‚8933530 
‚883542 


875057 


. 861037 
‚849843 
‚837030 
„825355 
.808770 
79:5 288 
. 77 6:888 
159096 
‚740418 


720617 


‚699670 
‚677562 
‚654296 
‚629891 
‚604386 
‚577845 
550355 
522027 
495000 


465454 
433511 


405431 
375408 
345664 
. 314423 
285905 
226519 


251859 


‚206697 
‚182978 
‚160820 
140506 


H= -3.00 
Hz -2,90 
H= -2.80 
H= -2.70 
Не -2.60 
Hz -2.40 
H= “2.30 
H= -2.20 
H= -2.10 
H= -2.00 
H= 71.90 
H= -1.80 
H= -1.70 
H= “1.60 
HS 71.50 
H= -1.40 
H= -1.50 
H= -1.20 
H= -1.10 
H= -1.00 
H= -.90 
ՎՀ -.80 
к” -270 
H=  -e60 
WS -,Թ0 
ՎՏ -.40 
H- - 4590 
HZ  -.20 
H- -.10 

ա - ου 
ՎՀ ‚ 10 
He 20 
== 30 

= ‚40 
H = „50 
H: ‚60 
H = «70 
ali ‚80 
Hs . 90 


TABLE 2.05 


"able of Component and System Reliabilities for 
.9 


К1- .998650 
К12 .998144 
RI: .997445 
RI: ,996533 
К1= ‚995339 
R1= ‚993750 
Pi: .991802 
R1- .989276 
Р1: .986097 
F1: .982136 
#1= „977250 
«1Հ „971284 
к1= .964070 
Baz 9955445 
"1- .945201 
Fiz .933193 
FI: .919245 
К1: .905199 
R1- .884930 
H1- .B64334 
RI: .841345 
К1= 812940 
RI: ,788145 
შო. 0958096 
К1= ‚725747 
Ի1Հ ,691462 
R1- .655422 
R1= ,617911 
FH1- .579260 
Riz ‚539828 
Fis «500000 
Ris .460172 
F1- .420740 
#12 .382089 
кК1= .344578 
Riz „3085238 
Ні: .274253 
612 „241964 
"Fus 211855 
Р1= .184060 


А 


R2- 
R2- 
R2- 
R2- 
R2- 
Re = 
Re = 
Re = 
Re = 
Re = 
Re = 
R2- 
Re= 
R2- 
Re = 
R2- 
R2- 
R2 = 
R2= 
R2: 
R2- 
R2= 
R2= 
R2= 
R2- 
R2= 
R2= 
кг: 
R2= 
R2= 
на: 
R2= 
R2- 
R2- 
R2= 
R2= 
R2= 
R2= 
225 
R2- 


5 RHO 


. 953193 
926471 
919245 
911492 
.903199 
. 894350 
‚ 884930 
874928 
‚864334 
‚823141 
‚841345 
‚828944 
‚815940 
. 8023538 
. 788145 
7 I ERS 
‚728036 
‚742154 
‚725747 
«708840 
691462 
«6749645 
‚655422 
‚636831 
«617911 
598706 
579260 
‚5959618 
‚559828 
‚519939 
‚500000 
. 480061 
. 460172 
.440382 
‚420740 
401294 
. 582089 
‚363169 
‚344578 
S26355 


25 


RI: 


— .— ——————————————————N t 


III ju Im mu H di së # 00 dë dë dë të 40 հ ոն 00 40 dë 40 dh ии нии 


. 931933 
.924742 
.916894 
‚908532 
. 898989 
. 888797 
.877676 
.865545 
„852317 


837900 


.822204 
.805140 


786623 


.766581 
7144955 
721706 
. 696820 
‚670313 
‚642235 
‚612675 
‚581758 
‚549654 


516567 


‚482741 


‚448447 


415985 
. 379659 


‚345794 
‚35412701 
‚280678 
‚250000 
220911 
193615 
. 168265 
. 144978 
‚1235814 
. 104789 
. 087874 
.073001 
. 060069 


кр: .933191 
RD= .926468 
RDz .919239 
402 .911484 
RD: .903186 
RD: .894328 
RD- .884893 
RD= .874866 
RD: .864234 
RD= .852982 
RD= .841096 
«ՍՀ .828562 
RD= .815561 
RD= .801475 
KD: .786881 
RD= .771550 
RD= .755450 
RD- .738540 
RD= .720776 
RD= .702108 
RD= .682482 
RD= .661847 
RD: .640152 
RD= .617359 
RD- .593441 
RD= ,568394 
RD= .542240 
RD= .515035 
RD= .486869 
RD= .457873 
RD= .428216 
RD= .398106 
RD: .367781 
RD= .337506 
ռՍՀ .307559 
ԻՍՀ ,278225 
RD= .249785 
ՍՀ .222492 
"D- .196586 
RD= .172262 


TABLE 2.06 


Table of Component and System Reliabilities for 


հ = ,5 RHO 1.0 
His ,998650 R2- .933193 Als .941933 RD: .933193 
Ris ,0981!4 Age ,926471 %1- 2924740 per . 92647 
Кі: .997445 Н2: .919243 31: .916894 RDz .919243 
кі: .996533 р2- ,911492 ՎԼ- .908552 հըՀ .911492 
кіс: .995339 82: .903199 “і: .898989 RD= .903200 
21= ,993760 R2= ,894350 als .888797 RD: .894350 
Riz .991802 R22 .884930 Als .877676 RD: .884930 
ki: ,989276 R2= ‚874928 ՀԼ- ,865545 RD= ,874928 
хі: .986057 RZ= ,864334 391: .852417 ND: .864334 
His ,9821:6 R2= ‚893141 41: .837900 Ro: .853141 
К1: .977250 R2= .841549 +]: .822204 кр= .841345 
Р1- ,071284 R2- ,828944 ՎԼ- ,805140 RD= .828944 
Riz .964070 R2= .815940 212 .746623 RD: .815940 
Riz ,955432 R2= „802338 31: .766281 RD= .802337 
#12 .945201 R2= „788145 31: .744955 RD: .788145 
His .933193 82: „773373 41: .721706 крг „773373 
#12 .919243 822 .758036 31: .696820 RD: .758036 
М1 ,905199 R2- ,742154 2]: ‚670313 RD = ‚742154 
612 .884930 R2= .725747 231: .642235 RD: .725747 
R1= ,8R64334 д2- ,708840 ais .612675 Կը» .708840 
#12 .841345 R2= ‚691462 31: .581758 RD: .691462 
R1: ,815940 R2= „673645 ‚549654 RD: ,673645 
Fiz „788145 R2= ,655422 ‚516567 RD: .655422 
Р1= ‚728036 R2- ,636831 ‚482741 RDz .636831 
His .725747 R2= .617911 448447 RD= .617911 
Р1- ‚691962 ϱβὸ- ,598706 ‚413983 Ro: ,598706 
#12 , 622422 22: ,579260 ‚379659 քըՀ ,579260 
RI: 617911 R2= ‚559613 ‚345794 ups .559618 
Ris: ,579260 Rez ‚539828 ‚312701 RD= ,539828 


RI 

2 1 
41 
41 

4 | 
2] 

5 | 
3] 
Ә1- 539806 RZ= .519999 ໃຟ .280678 RD: .519939 
н1= ‚500000 Ree ,500000 iz: .250000 RD= .500000 
ti: .220911 Кр= „460172 

31: .193613 ups ,420740 

21: .168265 up: .382089 

21: .144978 кр: .544578 

Als .125814 нр= . 308538 

412 .104789 RD: .274253 

21: .087874 ups .241964 

412 .073001 RD: ,211855 

3]: .060069 Rp= .184n60 


Riz ‚460172 R2= ‚480061 
21: ,420740 вг- ,960172 
Ri= ‚382089 R2= ,440382 
Rie „344578 р2- „4207490 
#12: .308238 р2- , 401294 
К1: .274255 R2= .382089 
R1: .241964 42-2 ,563169 
Ւ 1- .211855 R2= „344578 
612 ,184060 832: ‚326355 


26 


H 


-$.0 
25.9 
22.8 
-2,7 


-2.6 
-2.5 
-2.4 
-2,3 
-2.2 
-2.1 
-2.0 
-1.9 
81.8 
Em. 7 
21.6 
- 5 
-1.4 
այ. 5 
2,2 
E .1 
ST, D 


ою о мох льно н м (Վ P VI OC, zl OD о 


• е е 


LJ е е е е е 


TABLE OF 


R40 * .1 


000074 
. 000104 
.000145 
‚000199 
.000274 
‚800372 
„000499 
,000662 
‚000867 
‚001125 
701727 
‚001817 
‚ 002269 
‚ 002801 
002916 
„00411® 


„004901 


. 005766 
.006701 
.007696 
‚ 008733 
„009791 
‚010845 
2011870 
‚012836 
LR 
.014478 
0195101 
„015563 
.015846 
.015942 
.015847 
‚015263 


En.15101 


.014478 
819712 
‚012836 
‚011870 
.010846 
.009791 


TABLE 2.07 


BIVARIATE NORMAL RELIABILITY DIFFERENCES 


„© 


А 


‚3 


„000508 
‚000429 
‚000390 
‚000802 
‚001079 
‚001436 


‚001390 


‚ 002460 
‚003167 
‚0094033 
‚009078 
‚006324 
‚007789 
‚ 009486 
. 011424 
‚013606 
‚016023 
.018660 
. 021488 
‚ 024469 
‚027559 
‚ 030673 
‚033766 
‚036755 
‚039558 
‚092098 
944296 
‚046086 
‚047408 


‚048220 


‚048493 


‚098220 


‚ 047408 
‚ 046086 
,044296 
‚042098 
‚099358 
‚036753 
‚033766 
‚030673 


IS RATIO OF PARAMETER» K/H 


• 


ES 


000671 


.000918 
„001243 
. 001662 
‚002208 
‚ 002898 
003765 
.004840 
‚006157 
‚007752 
‚ 009627 
„011904 
„014521 
‚017526 


° 


020929 


‚024730 
‚028911 
. 0339440 
‚038267 
„043324 
‚048526 
35 3771 
.058945 
‚ 063925 
. 068281 
. 072787 
. 076419 
. 079370 
. 081548 
‚ 082883 
‚ 083333 
‚082883 
‚081548 
‚079370 
‚076419 
‚072787 
‚068581 
‚063925 
‚028945 


053771 


eT 


‚001072 
.001460 
.001968 
‚002626 
. 003468 
. 004553 
. 002866 
‚0007511 
‚009520 
‚011942 
‚014826 
.018215 
.022147 
.026649 
„041752 
. 037390 
. 045598 
‚020304 
. 057434 
. 064887 
. 072538 
‚ 080237 
. 087819 
‚ 092104 
. 101908 
.108045 
ֆե: | 
‚ 117640 
‚120810 
‚ 122753 
‚123408 
‚122754 
.120810 
‚117640 
„115341 
‚1098095 
‚101908 
.095104 
.087819 
.080237 


9 


.001258 
‚001726 
‚002345 
‚009153 
.009197 
„005531 
„007217 
‚ 009921 
011017 
‚015082 
„018892 
‚023422 
‚028738 
. 034894 
. 041926 
‚049845 
. 028630 
. 068227 
. 078541 
‚ 0894 3$ 
100729 
412 03 
„123585 
.154618 
‚144994 
‚154411 
„162581 
‚169241 
‚174168 
. 177192 
‚ 178216 
E1278 95 
‚179168 
‚169241 
‚162581 
„164311 
.144994 
.154618 
.123585 
.112193 


1420 


‚ 001260 
‚ 001729 
. 002349 
. 009160 
‚ 004210 
‚002554 
‚007254 
‚009383 
„012017 
‚015241 
‚019141 
‚025804 
‚029317 
a0 59 256 
‚0435199 


021667 


.061 256 
.071841 
‚083511 
.096166 
‚109704 
‚123991 
. 138855 
124990 
‚169464 
‚184723 
‚ 199600 
‚ 213824 
‚227127 
‚ 239261 
‚250000 
. 239261 
‚ 227127 
‚ 213824 
. 199600 
. 184723 
‚169464 
. 124090 
. 138855 
‚123991 





— πι 
ს ს.ც 

Бер 
> 
II TEEN 
ΓΠΠΠΓᾺ 


TABLE 2.08 


Table of Component and System Reliabilities for 
Д 7 RH) = .1 


ՎՀ 23.00 RI: .998650 R2: .9821355 Is .980810 RD: .980836 
Hz -2.90 Ri= .998134 R2- .978822 RI= .976995 RD: .977036 
ΘΠ ა.ი ҚЕЗ397072002 9130972221 Ro: .972571 
ՎՀ “2.70 612: .996533 R2- .970621 Il: .967256 RD: .967345 
Hz -2.60 RI: .995329 832: .965621 QI: .961120 RD: .961250 
н= -2,50 R1- ,995760 02: .959941 QI: .953980 RD: .954167 
Hz -2.40 Riz .991802 R2= .953521 ЧІ: .945705 RD: .945970 
H= -2.30 RI: ,989276 R2: .946301 21- .936153 RD: .936523 
Hz -2,20 RI: ,986997 R2= ‚958220 21- .925175 RD: .925685 
Н= -2.10 RI: .982136 R2= 4929219 al: .912619 RD= .913311 
Hs -2.00 81: .977250 R2= .919243 al: .898330 RD .899256 
H= -1.90 Kl: ,971284 R2= ,.908241 ՀԼ- .882159 RD: .883380 
н= -1.80 RI: .964070 82: .896165 31- .863966 RD: .865554 
H- -1.70 Riz ‚955415 R2= .882977 321- .843626 RD: .845664 
4: -1,60 Fl: ,99452g1 R2= „868643 SI: .821042 8р- .823619 
HZ “1.50 RIr .933193 R2- .853141 Rl= .796145 RD: .799358 
Н= -1.40 Ri: ,91924$ 82- ,836457 JI: .768907 RD= .772857 
H= “1.30 His .903199 R2= .818589 21- .739349 RD: .744135 
4= -1.20 Ri: ,889950 Që: .799546 31- „707592 Ro: .713260 


H= -1.10 ki: .864334 82: .779350 31= .673619 RD: .680354 
ΠΤ. ΤΟΝ ΠΠ» Re: 758056 21= .657770 RD: .645591 
HS -.90 Fiz „815940 R2= .735653 RI= .600248 RD: .609203 
H= -,80 Ri: ,788145 R2= .712260 qi: .561364 Ro: .571470 
4: -.70 Ք1Հ .758026 R2= .687933 Qi: .521478 RD: .532724 
Hz -,60 RI: ,725147 ლ2- 662757 n]1]- .480994 RD: .493331 
H= -,50 F1= .691462 R2= .636831 RI= .440344 RD: .453686 
Hz -,40 Ri= „655922 R2- .610261 RI: .399978 up: .414204 
HS -.30 RI: .617911 R2= .583166 RI= .360345 RD: , 275297 
Hz -,20 Ri= „579260 R2= .525670 931: .321877 Rp: ,337372 
HS -.10 81= „5398728 R2= .527903 Ql: .284977 RD= .300806 
H= -,00 kl= „200000 R2= ‚5200000 Is .250000 Rp: .26594? 
H= +10 A1: .460172 "R2* .472097 51= .217246 RD: .233075 
Hz „20 Ri= „420740 82- „4944330 ΑΙ: .186948 Ro: .202442 
Hz .30 kl: „382089 R2= „416834 RI: .159267 RD: .174220 
Nt ,40 Rize „344578 R2= ,589739 ՀՀ .134296 pp: .148521 
Hz 720 Fł= „308548 R2= . 365769 Ri .112051 RD: .125393 
Hz «60 Riz «274336 R2= „357243 ois: ,092490 RD= .104826 
Hz .70 Ri: .241964 R2= .312067 Ri= «075509 RD: .086755 
H= «80 Ri: .211855 R2= .287740 ois .060959 RD= .071066 
H= «90 R1= .184060 R2= .264347 31- .048656 RD: .057610 
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TABLE 2.09 


Table of Component and System iteliabilities for 
A = E ЯН!) = 9 


‚980810 RD= .980950 
976995 RD: ,977201 
‚972511 RD: .972807 
961256 RD: .967678 
‚961120 RD: .961713 
‚953980 RD: .954805 
‚945705 RD: .946837 
‚936153 RD: .937688 
‚925175 RD: .927230 
‚912619 Rp: .915335 
.898530 RD: .901875 
.882159 RD: .886728 
‚863966 RD: ,869779 
‚8435626 кр= ,850929 
‚821042 RD= .830099 
‚796145  RDs .807235 
.768907 RD= .782312 
‚739349 RD= ‚755344 
‚707542 RD: .726383 
‚673619 Rp: .695524 
‚637770 RD= .662909 
.600248 RD: .628726 
‚561964 Rp: ‚593204 
‚521478 #02 .556615 
.480994 RD: ‚519264 
‚440344 Rp: ‚481485 
‚ 399978 RD: ,443627 
‚360345 RD: .406050 
.321877 Rps ,369111 
‚284977 RD: .333152 
‚250000 RD: .298493 
‚217246 Кр= ‚265421 
‚186948 RD= ‚234181 
‚159267 RD= ,204973 
‚134296 RD= ,177944 
.112051 RD= .153192 
‚092490 RD: .130760 
‚075509 kD= ‚110645 
‚060959 RD= ,092799 
.048656 RD= .077133 


-3.00 Riz .998650 R2= ‚982136 
-2,90 RI: ,998134 R2= .978822 
-2,80 Ri: ,997445 R2: .975002 
-2,70 Hi1- .996933 R2= .970621 
-2,60 81: ,995339 R2= ,965621 
-2.,50 Ris .993790 #82: .959941 
-2,40 Кі: .991802 R2= „953521 
-2,30 412 ,989276 R2= .946301 
-2,20 ris .986097 R2= .938220 
-2,10 RI: ,982136 R2= ‚929219 
-2,00 R1= ‚977250 R2= .919243 
-1.90 312 .971284 яг: .908241 
-1.80 К1: .964070 R2= .896165 
-1.70 Rize ‚955435 22: ,882977 
-1.60 KI: ,945201 R2= .868643 
“1.50 #12 ,933193 R2= .853141 
-1,40 Ris ,919243 R22 , 836457 
“1.30 Бі: ‚903199 R2= .818589 
“1.20 P1: .884930 R2: .799546 
-1.10 Ris ,864334 R2: ,779359 
“1.00 Riz ‚841345 8252 .758036 
-,90 RI: ‚815940 R2=: .735653 
-,80 Riz ‚788195 βὸ- ‚712260 
-,70 KI: „758036 R2= ‚687933 
-.60 612 ‚725747 R2= ‚662757 
-,50 Riz ‚691462 R2= , 6356831 
-.40 612 ‚655422 R2= ‚610261 
-.30 6712 ‚617911 R2= ‚583166 
-.20 61: ‚579260 822 ‚555670 
-,10 Riz ‚539828 R2= .527903 
-.00 Pi= „500000 R2= ,500000 
‚10 612 ,460172 R2= ‚472097 
‚20 Riz „420740 R2= , 444330 
30 R1: .382089 R2= .416834 
‚40 Rie ‚344578 R2= ‚389739 
‚50 His ‚308538 R2= ‚363169 
‚60 612 ‚274253 R2= ‚337243 
70 к1= ‚241964 R2= ‚312067 
‚80 Ris „211855 R2= ‚287799 
.90 Riz .184060 R2: .264347 


uu x Put te b. l. O l. s Ó ° b. Ó l. lod ta O կատ տուա s. s. (Թագ b. s = Փոգ կատ փոք - առ 
dë dë dë të 0% dë të dë 0? dë пп пп të dë të dë dh dë 40 пп пп іп 10 Ba Hü B b 00 40 ຍ ຍ ກ 
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TABLE 2.10 


Table of Component and System Reliabilities for 
А 277 ხი? 5 


#12 .998650 R2= .982136 RI: .980810 RD: .981191 
81: .998114 R2= .978822 31!= .976995 RD= ,977534 
His: .997445 R2= .975002 31= .972511 «D= .975269 
Р1- .996535 R2= .9/0621 ЧІс .967256 RD= .968295 
К1- .995339 R2= .965621 RI= .961120 RD= .962541 
R1: .993790 R2: .959941 31: .953980 RD= .955902 
R1- .991802 R2= .925521 RI: .945705 RD: .948275 
His 989276 "2: .946501 312 .9561535 RD= .939552 
R1: .986097 RA: .958220 RI= .925175 RD= .929620 
Ri= ,98214:6 R2: .929219 RI: .912619 RD= .918567 
R12: .977250 R22 .919243 ՎԼ- .898550 RD: .905679 
R1: .971284 R2= .908241 RI: .882159 RD: .891447 
R1: .964070 82: .896165 RI: .863966 RD= .875570 
К1: „955435 R2- .882977 Alz .843626 RD: .857958 
К1= „945201 R2= .868643 441- .821042 RD: .838557 
RI: .933193 R2= «825141 +!= .796145 RD: .817252 
R1- .91924$ R2= «896457 ՎՀՎԼՀ .768907 RD: .794075 
R1: .903199 82: „818589 3|= .739349 RD= .769003 
Riz „834930 R2= .799546 “І: .707542 402 .742070 
წ) „864334 R2= .779350 371: .673619 RD= .713343 
R1: .841345 42: .758036 8412: .637770 RD= .682927 
Ri= .815940 R2= .755655 RI= .600248 RD: .650965 
R1: .788145 R2: .712260 als .561364 RD= .617640 
Р1: .728036 R2- .687933 RI: .521478 RD: .583169 
Ris .725747 R2= .662757 31: .480994 RD: .547802 
R1: .691462 R2- .656831 RI: .440344 RD= «5114817 
R1: .655422 R2= .610261 SI: .399978 Кр= . 475510 
Ris .617911 R2= .583166 31|= .360345 RD: .439195 
Pis .579260 R2= .555670 412 .321877 RD= .403187 
R1: .539328 R2= .527903 QI: .284977 RD= .367800 
Р1= .500000 R2= .500000 Rl= .250000 RD: .333333 
К1= .460172 R22 .472097 Rl= .217246 RD= .300069 
R1- .420740 R2= .444330 31= .186948 RD: .268257 
RS 592089 RZ= (416854 ຈ) ຂ .159267 RD: .238117 
Ris: .544578 R2= .389739 RI= .134296 RD= .209827 
КИ 928228 525 „363169 Чіс .112051 RD .183523 
Кі: .274255 R2= .337243 Rl= .092490 FD: .159298 
Кіс .241964 R2= .312067 Ri= .075509 RD: .137200 
“15 „211855 R2= .287740 RI= .060959 RD= .117235 
R1= .184060 R2= .264347 RI: .048656 RD: .099373 
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5 “3.00 


“2.90 
“2.80 
“2.10 
“2.60 
-2,50 
-2.40 
“2.30 
-2.20 
-2.10 
-2.00 
-1.90 
-1.80 
-1.70 
-1.60 
-1.930 


-1 . 40. 


=] ան 
-1.20 
-1.10 
-1.00 
-.90 
-. 80 
-. 
-.60 
-,50 
-.40 
-. № 
-.20 
-. № 
-.00 
‚10 
‚20 
‚30 
‚40 

‚ 90 

‚ 60 
«70 
‚80 
‚90 


TABLE 2.11 


Table of Component and System Reliabilities for 


Ris 
Ri: 
Ris 
R1= 
81: 
Kis 
R1- 
Ris 
515 
Ris 
К1= 
К} = 
Ri: 
Ris 
RI: 
R1: 
612 
Ре 
Ris 
Ris 
Ris 
Ris 
R1- 
813 
kis 
R1 š 
Ris 
Ri: 
Ris 
Р1= 
К1 = 
ki: 
Ris 
ki: 
Ris 
Ri: 
Ri: 
Ris 
Ris 
Ris 


‚998650 
998134 
‚997445 
‚996533 
‚995339 
‚993790 
‚991802 
‚989276 
‚986097 
‚982136 
‚977250 
‚971284 
‚964070 
‚955435 
945201 
‚933193 
‚919243 
‚903199 
‚884930 
‚864334 
‚841345 
‚815940 
‚ 788145 
‚728036 
‚725747 
‚ 691462 
‚ 655422 
‚ 617911 
579260 
‚539828 
‚500000 
‚460172 
‚420740 
‚382089 
‚344578 
‚308538 
‚274253 
‚241964 
‚211855 
‚ 184060 


А 


= ,7 RH) 
R2= .982136 
R2= .978822 
R2= .975002 
R2= .970621 
R2= .965621 
R2= .959941 
R2= .953521 
R2: .946301 
R2= .938220 
R27 .929219 
R27 .919243 
R2= .908241 
R2= .896165 
Rez .882977 
R2* .868643 
R2= .853141 
R2= .836457 
R2= .818589 
R2= .799546 
R2= .779350 
R2= .758036 
R2= .735653 
R2= .712260 
R2= .687933 
R2= .662757 
R2* .656831 
R27: .610261 
820: .983166 
R2= .555670 
R2= .527903 
R2= .500000 
R2= .472097 
R2= .444330 
R27: .416834 
R27 .3589739 
622 .363169 
R2= .337243 
R27 .3512067 
Rez .287740 
R2= .264347 
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E 


«980810 
.976995 
‚972211 
.967256 
961120 
‚ 953980 
‚ 945705 
. 936153 
‚925175 
912619 
‚ 898530 
‚882159 
‚863966 
‚843626 
‚ 821042 
‚796145 
· 768907 
139549 
‚707542 
‚673619 
‚637770 
‚600248 
561564 
521478 
‚ 480994 
440544 
‚399978 
360445 
. 321877 
‚284977 
250000 
217246 
«186948 
‚159267 
154296 
112051 
‚ 092490 
‚075509 
060959 
‚048656 
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RD= 
RD: 
RD= 
RD= 
RD= 
RD= 
RD: 
RD: 
RD= 
RD= 
RD= 
RD: 
ին: 
RD: 
RD= 
RD: 
RD= 
RD= 
RD= 
RD= 
RD= 
RD= 
RD= 
RD= 
RD= 
RD= 
RD= 
RD: 
RD= 
RD= 
RD= 
RD: 
RD: 
RD = 
RD= 
RD= 
RD= 
RD= 
RD= 
հը» 


‚ 981602 
‚974004 
‚969276 
. 963825 
. 957566 
950411 
933031 
‚922612 
‚910909 
‚897826 
‚ 883271 
867161 
‚849423 
‚829999 
‚808849 
‚785954 
‚ 761322 
‚ 734986 
‚707012 
. 677496 
‚646570 
‚614395 
‚581165 
‚547101 
‚512450 
‚477475 
‚442454 
‚407671 
‚373408 
‚339940 
‚307524 
‚276397 
‚246767 
‚218808 
‚192661 
. 168426 
. 146165 
125904 


TABUE 2.12 


Table of Component and System Reliabilities for 
A = ,7 RHO = .9 


R12: .998650 R2= .982136 RI= .980810 RD= .982085 
К1: .998124 R2= .978822 441- .976995 КО: .978746 
Riz .997445 R2- .975002 RI= .972511 RD= .974890 
biz .996533 R2= .970621 ЧІ- .967256 RD= .970458 
R1z .995339 R2= „965621 Ri= .961120 RD= .965385 
R12: .993790 R2 .959941 RI= .953980 RD: .959604 
81: .991802 82: .953521 ՊՀՀ .945705 RD: .953046 
R1: .989276 R2= .946301 Rl= .936153 RD= .945637 
Ri= ,986097 R2= .938220 RI= .925175 RD= .937302 
Ri= .982136 R2= .929219 RI= .912619 RD: .927966 
Riz .977250 R2= .919243 12 .898330 RD: .917551 
Ri= .971284 R2= .908241 RI= .882159 RD: .905981 
R1: .964070 R2= .896165 RI= .863966 Кр= .893179 
ні: „955425 R2= .882977 RI= .843626 RD= .879075 
Ris „945201 ՊՀՀ .868643 ՀԼՀ .821042 RD= .865600 
RIZ .933193 82: .853141 RI= .796145 RD: .846694 
Ri= „9192435 R2= .836457 ՎԼ- .768907 RD: .828305 
Ri= .903199 82: .818589 ЧІс .739549 RD: .808388 
Riz .884920 #2= .799546 ЧІ: .707542 RD: .786921 
В1=. 8643534 R2= .779350 #12 .673619 НО: .763892 
R1: .841345 R2= .758036 RI= ,637770 RD= «759510 
Ri= „815940 К2= .755653 αἱξ .600248 RD= .715206 
81: „788145 R2= .712260 Rl= .561364 RD= .685637 
R1: .758036 R2= „687933 ՀԼ: .521478 RD= .656687 
К1= .725747 R2= .662757 RI= .480994 RD: .626467 
R1: .691462 82: .656831 AI: .440344 RD: .595118 
RI: .655422 R2: .610261 RI: .399978 RD: .562808 
Кіс .617911 R2= .583166 ЧІс .360545 RD: .529733 
К1= „579260 R22 .555670 ՎՀԼՀ .321877 RD:..496114 
Ri= .539828 R2= .527903 QI: .284977 RD: .462190 
Ri= .500000 Rea: .500000 RI: .250000 RD: .428216 
R12: .460172 R22 .472097 41= .217246 ND: .394459 
R1- .420740 R22 .444330 RI: .186948 RD: .361184 
His .382089 R2= „416834 Al: .159267 RD: .328656 
His ,344578 R2= .389739 RI= .134296 RD: .297125 
R12: .308538 R22 .363169 RI= .112051 RD: .266825 
Ri= „274253 R2= .337243 4812 .092490 RD: .237963 
RIS .241964 RA: .312067 RI: .075509 Кр: .210718 
RI: .211855 R2= .287740 31: .060959 RD: .185233 
R1: .184060 R2: .264347 Ч1І- .048656 RD: .161613 
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“3,00 
-2,90 
-2.80 
-2,70 
-2.60 
-2,50 
-2.40 
“ENO 
“2.20 
-2 10 
“2.00 
“1.90 
“1.80 
“1220 
71.60 
=1 590 
“1.40 
-1.30 
-1.20 
=1 0 
“1.00 
90 
-.80 
-.70 
«πει 
- ,50 
-,40 
-,30 
-.20 
-.10 
- 1010 
‚10 
20 

, 50 
40 
,与 0 
60 
‚70 
‚80 
‚90 


TABLE 2.13 


Table of Component and System Reliabilities for 


Ris 
kl: 
kis 
Ris 
Ris 
Ris 
ຕ 1 5 
Pis 
pi: 
KI: 
Ris 
Ris 
RI: 
թմ» 
” 1 Ξ 
Ris 
515 
Ris 
His 
Ris 
Ris 
Ris 
kis 
Ris 
Ν 42 
Ris 
Ris 
Ris 
Ris 
Ris 
Ris 
kl: 
#1 
gis 
Riz 
Kis 
Wis 
Ris 
81 = 
Ius 


. 998650 
‚998134 
997445 
‚996533 
‚995339 
‚993790 
‚991802 
‚989276 
. 986097 
‚982136 
‚971284 
‚964070 
‚955425 
. 945201 
‚933193 
‚919243 
‚903199 
‚ 884930 
‚864334 
‚841345 
‚815940 
. 788149 
‚758036 
725747 
‚ 691462 
‚655422 
‚ 6179115 
‚579260 
‚539828 
‚500000 
‚960172 
‚420740 
‚382989 
‚ 344578 
‚ 308538 
‚274253 
‚ 241964 
‚211855 
184960 


A 


= ,7 
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Ча: 
Re = 
R25 
R2= 
R25 


RHU 


‚982136 
‚978822 
‚975002 
‚970621 
‚965621 
‚939941 
‚953521 
‚946301 
‚938220 
‚929219 
‚ 919243 
‚908241 
‚896165 
‚882977 
‚868643 
‚853141 
‚836457 
‚818589 
‚ 799546 
‚779350 
‚758036 
‚ 735653 
‚ 712260 
‚ 687933 
‚ 662757 
‚ 696831 
‚610261 
‚583166 
‚555670 
‚527903 
‚ 500000 
‚972097 
, 444339 
‚ 416834 
‚389739 
‚ 363169 
‚ 337243 
‚ 312067 
‚287740 
‚264347 


34 


21,0 


980810 
‚976995 
. 972511 
‚967256 
"961120 
‚953980 
‚945705 
‚936153 
‚925175 
‚912619 
‚ 898330 
‚882159 
‚863966 
‚893626 
‚821042 
‚796145 
‚768907 
‚ 739349 
‚ 7075942 
‚673619 
‚647770 
‚ 600248 
‚521478 
‚ 480994 
‚940344 
‚399978 
‚360345 
‚321877 
‚284977 
‚250000 
‚ 217246 
‚186948 
e 1 5 9 e 6 7 
134296 
112051 
‚092490 
‚075509 
.060959 
.048656 
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RDz .982136 
RD: .978822 
RDz .975002 
RDz ,970621 
RDz .965620 ` 
RD: ,929941 : 
RD= ,953521 
HDs .946391 
RD: .938220 
RD: .929219 
RD= .919243 
кр= .908241 
RD= ,896165 
RD: .882977 
RD: .868643 
ΗΏξ «825141 
RD: .836457 
RD= .818589 
RDs .799546 
RDs .779559 
RD= .758036 
Rp=z .735653 
RD= .712260 
RD= .687933 
HDs .662757 
нр= .636831 
RDz , 610261 
ups ‚583166 
RD= ‚555670 
RDz .527999 
RO: ,500000 
RD: ,460172 
RDz .420740 
нрг .382089 
RDs .344578 
RD: .308538 
RD: ‚274253 
RD: .241964 
RD: .211855 
RD: .184060 


0 MË (Վ з 
ຈ ຈ е 


ს 
DDN 人 O kA να ο ο ~ со 


ТАВЊЕ OF 


RAU = .1 


‚ 000027 
‚ 000040 
‚ 000060 
‚ 000089 
‚000130 
‚ 000187 
‚000265 
‚000370 
‚000209 
‚000691 
‚000923 
‚ 001221 
‚ 001589 
‚ 002038 
‚ 002577 
‚ 003213 
‚ 003949 
‚004786 
‚ 005718 
‚ 006735 
‚007821 
‚008954 
‚010106 
‚ 011246 
‚ 012336 
‚013342 
‚ 014225 
‚ 014952 
. 015494 
‚915829 
‚015942 
‚ 015829 
‚ 0154994 
‚ 014952 
‚ 014225 
‚0133542 
‚012336 
‚011246 
‚ 010106 
‚ 608953 


TABLE 2.14 


BIVARIATE NORMAL RELIABILITY DIFFERENCES 


‚7 


А 


„8 


000141 
000205 
000296 
000422 
000594 
000825 
0011422 
001235 
002055 
002716 
003545 
004568 
005313 


‚ 007 302 


009057 
011090 
015405 
015995 
018340 


‚021905 
‚025139 
‚028477 
‚031840 
„035187 


038270 
041140 
043649 
045705 
047234 
048175 


‚048493 


048175 
047234 
045705 
043649 


‚041140 


038270 
035137 
031840 
028477 


[S RATIO OF PARAMETERS K/H 


‚2 


‚000581 
‚000538 
‚000752 
‚001039 
‚ 001421 
‚ 001922 
‚002570 
‚003399 
‚ 004445 
‚ 002748 
‚007348 
‚009288 
„011604 
014532 
‚ 017492 
‚021107 
‚025167 
‚029654 
‚034528 
‚039724 
‚045157 
‚ 050717 
‚056276 
‚061691 
‚066808 
‚071472 
‚075532 
‚078850 
‚081310 
‚082823 
‚ 083333 
‚082825 
‚081310 
‚078850 
‚075532 
‚071972 
. 066808 
‚ 061691 
. 056276 
050717 


25 


E 


‚000792 
‚001093 
‚001493 
‚ 002020 
. 002705 
‚003586 
‚ 004706 
. 006112 
‚007826 
. 009993 
‚012579 
015667 
‚019305 
‚023534 
. 028381 
‚ 033854 
‚039941 
‚046605 
‚053779 
‚061367 
‚069242 
‚077248 
. 082206 
. 092917 
‚100171 
‚106757 
‚112471 
117130 
PAD 
‚122694 
‚123408 
‚ 122694 
‚120577 


117130 
112971 
106757 
100171 
092917 
085206 
077248 


9 


‚001275 
‚001751 
‚002379 
‚003202 
„004265 
.005624 
‚ 007341 
‚ 009484 
‚012127 
‚015347 
‚019221 
‚023821 
.029214 
‚035449 
‚042558 
‚050549 
‚059396 
‚069039 
‚079379 
090273 
‚101540 
‚112957 
‚124273 
‚135209 
‚ 145475 
154774 
‚162830 
‚169388 
174237 
‚177213 
‚178216 
‚177213 
‚174237 
‚169388 
‚162830 
‚ 154774 
‚ 145473 
‚155209 
124273 
‚ 112958 


‚001326 
‚001826 
‚002491 
‚003365 
‚ 004501 
. 002961 
. 007816 
. 010148 
‚ 013044 
. 016600 
. 020913 
. 026082 
‚032200 
. 099350 
‚ 047601 
. 026996 
‚067550 
‚079249 
‚ 092003 
‚105731 
‚120266 
‚135404 
. 150896 
‚166455 
‚181763 
‚196486 
‚210283 
‚222821 
‚ 233793 
‚ 242926 
220000 
. 242926 
‚233795 
‚222821 
‚210289 
‚ 196486 
‚181763 
‚166455 
.120896 
‚135404 
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MISSION TIME, H, FOR A = K/H = 





BIVARIATE NORMAL RELIABILITY DIFFERENCE, А-В, VS 


Լ ເຖ 
= % 8 ( 
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lABUE. 2,15 


Table of Component and System Reliabilities for 


A =1.0 240 = .1 
H= -3.00 Ris .998650 82: .998650 Ri= .997302 RD: .997305 
HS -2.90 his .998134 R22 .998134 Rl= .996272 RD: .996277 
Hz -2,80 RI: ,997445 R2= ‚997445 ՎԼ- .994896 RD= .994906 
На -2.70 Р1- ,996523 #82= .996533 41s .993078 RD= .993094 
н= -2.60 612 .995339 82: .995339 -І- .990699 RD= .990725 
4= -2.50 Bis .993790 R2= .993790 31- .987619 RD: .987661 
H= -2,40 RI: .991802 R2- .991802 Qi: „983672 кр= .983739 
4= -2,30 RI: .989276 R2= .989276 RI= .978667 RD: .978771 
HS -2.20 H1- .986097 R2= .98609/ Ri= .972387 НПО: .972546 
H2 -2,10 Fl: ,982136 R2= „982136 ՀԼ- .964590 RD= .964830 
Н= -2.00 Ri= .977250 R2= .977250 41- .955017 RD: .955372 
Hz -1.90 Ris .971284 92= .971284 2l= ‚943392 RD: .943905 
ນ... 81> „964070 3 - 4964070 11: .229450 ԿԽԿըՀ .950160 
Hs -1.70 Кі: ,995435 82: .955435 QI: .912855 RD= .913873 
HZ “1.60 Р1= .945201 R2= .945201 I: .893404 RD: .894797 
H= -1.50 Ri= .9%819 2-2 .955195 81- .870899 RD: .872719 
Hz -1.40 Ki: .919243 R2= „919243 QI: .845008 KD= .847474 
ВЕ -1.30 His. .995199 ң2- ,9053199 341- .815769 Rp: 818957 
Hz -1.20 Pi: .884930 R2- .884930 Qi: .783102 RD: .787146 
H= -1.10 າະ ‚864334 42- 18645334 Zur .747075 RDz .752107 
Н= -1.00 R1- .841345 82: .841345 Als .707861 RD= .714010 
Hz -.90 Pl: „8139940 R2= .815940 21= .665758 RD= .673126 
Hz -.80 RI: .788145 R2= .788145 31: .621172 RD: .629836 
ES -.20 quie 128050 =2- „7580346  3452,.574619 Ro: .584614 
Hz -.60 #12 .725747 R2= «725747 31-2 .526709 RDs .538021 
Hz -.50 RI: ,691462 82- ,691462 31- .478120 RD= .490683 
H- -.40 H1- .6595422 R2= „655422 21- .429978 RD: .443265 
H= -,50 Ri= ‚617911 R2= .617911 31- .381814 Ro: ,396446 
Hz -.20 Ki: .579260 R2: .579260 31- .345942 RD: .350888 
H= -.10 Ri= „539828 R2= .53982R 31- .291414 Rp: .307205 
Hz -.00 Pis .500000 R2= .500000 41: .250000 RD: .265942 
Hz պտ) 二 IDE Re 450172  XLe .211/728 вр- .227549 
HS . ໃ... REI 420740 341-..177022 RD= .192368 
Hz SQ 61= „382099 RA: „382089 Ais „195992 цр- .160623 
H= ,40 RI: „344578 R2= „344578 ՎԼ- .118734 RD: .132422 
Hz D EE 2808358 Rp: S308538 3s 095195 RD= .107758 
ກຕ ‚60 Πί- .274258 R2: .274253 31= .075215 RD: .086527 
Hz ‚70 91: .241964 R2: .241964 31- .058546 RD= .068541 
Hz BO RI: .211855 ΑΡ: .211855 31- .044883 RD: .053546 
We 90 Ri: „134060 R2= „1894060 21= .033878 RD: .041247 


37 


Hz “3.00 
Hz “2.90 
HS -2.80 
Hz “2.70 
HS -2,60 
ՎՀ “2.50 
H= -2.40 
HZ -2.30 
Hz -2.20 
Hz “2.10 
Hz -2,00 
н: “1.90 
н: -1.80 
Hz -1.70 
H= -1.60 
ՎՀ -1,50 
HS -1.40 
ՎՏ -1,30 
4= “1.20 
Hz “1.10 
Hs -1.00 
HS -.90 
LI = -.80 
Hz -,70 
HS -,60 
Hz  -,50 
HZ -.40 
HS -,30 
Hz -.20 
Hz -,10 
H = -.00 
Hš ‚10 
H = 20 
Hz . 30 
H = ‚40 
HS ‚50 
Hz ‚ 60 
~ = ‚ 70 
Н= ‚ 80 
Н= „90 


TABLE 2.16 


Table of Component and System Reliabilities for 
TO 


К1 = 
Ris 
RI: 
RI: 
RA 
Hi: 
Ris 
Ri: 
Hi: 
R1- 
Riz 
Fi: 
R1- 
Ris 
Ris 
Ris 
Ri: 
RI: 
RI: 
PJ: 
wis 
Ri= 
kis 
Ris 
Pis 
Pi: 
RI: 
RI: 
RI: 
Ris 
Р1= 
LL 1 = 
RI: 
Riz 
К] = 
His 
Ris 
RI: 
Р1- 
Riz 


. 998650 
. 998154 
‚997445 
. 996533 
‚995339 
993750 
‚991802 
. 989276 
.986097 
.982136 
‚977250 
971284 
0964070 
995435 
.945201 
933193 
‚919243 
‚903199 
. 884930 
‚ 864334 
‚841345 
.815940 
.788145 
‚ 758036 
«725747 
691462 
‚655422 
. 617911 
‚579260 
‚539828 
‚500000 
‚960172 
. 420740 
. 382089 
‚ 344578 
. 308538 
‚274253 
. 241964 
«211855 
.184060 


À 


zm 0 940 
R2* .998650 
R2: .998134 
52: .997445 
R2: .996533 
R2= ‚995339 
R2= .993790 
R2= .991802 
R2= .989276 
R2= .986097 
R2= .982136 
R2= .977?59 
R2= .971284 
R2= .964070 
R2= .955435 
R2= ,945201 
R2: .933193 
R27 .919243 
R2: .903199 
R2- .884930 
R2- .864334 
RA: .841345 
R2= .815940 
R2: .78814^5 
R2= ,758036 
R2= .725747 
R2= .691462 
R2= „655422 
R2= .617911 
R2= .579260 
R2- .539828 
R2= .500000 
R2: .460172 
R2: .420740 
R2- .382089 
R2= .344578 
R2= .308538 
Ré: ,274253 
R2= .241964 
R2= .211855 
RE: .184060 
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. 997502 
. 996272 
. 994896 
. 993078 
. 990699 
‚987619 
. 983672 
. 978667 
.972387 
. 964590 
,922017 
. 943392 
‚929430 
.912855 
‚893404 
‚870849 
.845008 
‚815769 
.783102 
.747073 
.707861 


665758 


‚621172 
‚574619 


526709 


‚478120 
„429578 


581814 


. 135542 
,291414 


250000 


‚211758 
‚177022 
195992 
. 118734 
. 095195 
. 075215 
. 058546 
. 044883 
. 033878 


RD: 
RD: 
RD: 
RD = 
RD= 
RD: 
RD: 
RD: 
RD: 
RD: 
RD: 
«ՕՀ 
RD: 
RD: 
RD: 
RD: 
ШЕ 
нр = 
RD = 
RD: 
RD: 
RD: 
RD: 
Кр = 
RD: 
RD: 
RD = 
RD: 
RD: 
Кр = 
кр = 
RD: 
RD: 
RD: 
RD: 
RD: 
“р: 
RD: 
RD: 
RD: 


. 997324 
996308 
‚ 994955 
‚993171 
‚990845 
‚987843 
. 984012 
‚979173 
‚ 973129 
. 965663 
‚956541 
. 945520 
932356 
‚916809 
‚ 898659 
‚877716 
‚853832 
‚ 826916 
«796946 
‚ 763976 
‚728147 
‚ 689689 
‚ 648920 
. 606241 
562125 
517104 
‚471797 
426642 


..582370 


‚339486 
298493 
‚259830 
‚223850 
190819 
160904 
134179 
‚110632 
090169 
‚ 072631 
057810 


H= -3.00 
Hz -2.90 
H= -2.70 
H= -2.60 
H= “2.50 
H= -2.40 
H= “2.50 
H= -2.20 
H= -2.10 
Hs -2.00 
H= “1.90 
H= 71.80 
H= -1.70 
Н= -1, 60 
H= 71.59 
НЕ “1.40 
Hs “1.30 
Ա -1.20 
H= -1.10 
ШЕ 71.10 
ხთ -.90 
ԽՀ -.80 
H= — 70 
H = - 260 
Hz -.50 
H= -.40 
Hz -.30 

Ep -.20 

= -, 10 
Hz -.00 
H = .10 
а. ‚20 
ՎՀ 30 

E 40 
Hz ‚50 
ՎՀ .60 

= 70 

= ‚80 
H = . 90 


TABLE 2.17 


Table of Compoment and System Reliabilities for 


H1: .998650 
Н1= .996124 
К1= „997445 
H1- .996533j 
R1: .995339 
R1= .9937510 
Ris ‚991302 
Ք1Հ .989276 
RI: .986097 
К1= .932136 
Ris .977250 
biz ‚971284 
H1- .964070 
RI: .9554325 
Riz „945201 
R1: .933193 
91= .9192435 
612 .903199 
ԻԼ1Հ .884940 
H1- .864334 
Riz .841345 
RIZ .815940 
12 ‚788145 
Riz ‚798046 
ດນແ . 185747 
R1: .691462 
612 .655422 
к1= .617911 
12 ,579260 
R1s .5598328 
к1= .500000 
R1= .460172 
Ri= .420740 
H1- .382089 
R1- .344578 
R1- .308538 
RIZ .27425$ 
612 .241964 
RI: .211855 
RI: .184060 


A 


suls. 0 RHO 
R2: .998650 
82: .998134 
R2: .997445 
Ք2Հ .996533 
R2= .995339 
Ң2: .995790 
R2= .991802 
R2= .989276 
В2= .986097 
R2= .982136 
R2= .977250 
R2= .971284 
R2= .964070 
&2= .955435 
R2: .945201 
R2= .953193 
Rez .919243 
R2= .903199 
R2= .884930 
R2- .864334 
R2- ¿841345 
R2= .815940 
R2= .788145 
R2= .758036 
R2= ‚725747 
R2= .691462 
R2= ¿655422 
R2= .617911 
R2: .579260 
R2= .539828 
R2: .500000 
Rez .460172 
R2: .420740 
R2= .382089 
R2= „344578 
Ra: .308538 
R2= .274253 
R2= .241964 
R2= .211855 
R2= .184060 
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q | = 
QI: 
QI: 
2]= 
2 I = 
RI: 
QI: 
QI: 
QI: 
ңіс 
+ | = 
QI: 


A 
" 


Gt Գոգ τ- κακὸ  - $e Ot 
лги ни и ш и и 


41 = 
31 = 
al: 
QI: 
RI: 
RI = 


. 997302 
.996272 
. 994896 
. 993078 
. 990699 
.987619 
. 983672 
‚978667 
‚972387 
. 964590 
‚955017 
‚943392 
929450 
. 912855 
. 893404 
. 870849 
845008 
. 815769 
. 783102 
. 747073 
. 707861 
. 665758 
621172 
574619 
«296709 
.478120 
.429578 
· 381814 
‚335542 
«2914414 
«250000 
‚211758 
‚177022 
‚145992 
‚118734 
‚095195 
‚075215 
‚058546 
‚044883 
.033878 


RD= .997382 
RD= .996396 
RD= .995087 
RD= .995366 
RD= .991128 
RD= .988250 
Еб: .984588 
Кр: .979977 
ԿՍՀ .974237 
RD= .967166 
RD= .958553 
RD= .948175 
RD= .935810 
402 .921241 
KD: .904266 
RD- .884709 
RD: .862431 
RD= .837341 
RD: .809406 
RD= .778658 
RD= .745204 
RD= .709223 
RD= .670975 
RD= .650790 
RD= .589063 
RD= .546244 
RD= .502823 
RD= .459311 
RD= .416228 
RD= .374078 
RD= .333333 
RD= .294422 
RD- .257709 
RD= .223489 
RD= .191979 
RD= .163320 
RD= .137570 
RD= .114718 
RD: .094686 
RD= .077344 


TABLE 2.18 


Table of Component and System Reliabilities for 
À =1 20 ΝΗ’) 一 7 


‚997302 RD: .997530 
.996272 RD: .996610 
994896 RD: .995591 
‚993078 RD= .993793 
.990699 RDZ .991725 
987619 RD= .989066 
‚983672 Кр= ,985695 
«978667 RD= .981460 
972587 RD: .976198 
964590 RD: .969729 
955017 RD: .961861 
9435592 RD: .9527393 
929450 RD: .941122 
912855 RD: .927846 
‚893404 RD .912379 
‚870849 RD: .894552 
.845008 RD: .874225 
815769 RD: .851298 
‚783102 RD= .825718 
.747073 RD= .797487 
‚707861 RD: .766669 
6695158 RD: .733391 


Н: -3,00 Ris ‚998650 R2= .998650 +! 
H= “2.90 RI: «998134 R2= .998134 RI 
Hz -2.80 612 .997445 42: .997445 XI 
Hz -2.70 «12 .996533 R2= ‚996535 +! 
Н= -2.60 Riz ,995339 R2= .995339 31 
Hz -2.50 Riz .993790 R2= .993790 RI 
Н= -2.40 К1: .991802ё R2= .991802 RI 
H= -2.30 612: .9892/76 R2= .989276 RI 
H= -2.20 FI: .986097 #22: .986097 RI 
HZ “2.10 niz .932136 R2: .982136 31 
Hz -2.00 his .977250 R22 .977250 3I 
HZ “1.90 RI: ,971284 R2= ,971284 πι 
Н: “1.80 Рі: .964070 R2= .964070 3I 
Hs: “1.70 RI: .955435 R2: .955435 31 
H* -1.60 His ‚945201 Яг: .945201 31 
H= -1.50 R1: .935193 #22 .933193 RI 
Hz “1.40 RI: .91924$ R2= .919243 RI 
H= -1.30 F1: .903199 R2= .905199 RI 
Н= -1.20 R1: .884930 R2- .884930 31 
Н= -1,10 RI: .864334 R2: .864334 4! 
3l 
Si 
21 
21 
4 ] 
RI 
41 
πα 
Հ| 
ՀԱ 
21 
71 
SI 
“I 
τ 
RI 
51 
21 
41 
B 


- -1.00 R1- .841349 R2: .841345 
= -,90 Dis .815940 R2= .815940 


vn 1 06 40 dë dë dë të të dë dë WS n dë n ຖ ຍ ຍ të dë të ເ ຄ të ຄ Нн! 


Hz -,80 к1= .788145 R2= .788145 .621172 RD: .697849 
Hz -,70 RI: .758036 R2= .758036 514619 RD: .660302 

= -.60 -1- .725747 R2- .725747 52567109 RD: .621070 
HS -.50 #1= .691462 R2: .691462 "478120 RD: .580527 
Hz -,40 KI: .655422 R2: .655422 ‚429578 RD: .539087 
Hs -.30 P1: .617911 R2= „6179793 . 381814 RD: .497196 


= -.20 Ri= ‚579260 R2= .579260 
=" -,10 кі: .559828 R2= ‚539828 
= -,00 RI: .500000 R2= ,500000 
H= .10 712 .460172 R2= .460172 
H = ‚20 ri= ,420740 R2: .420740 
= ‚30 К1: .382089 R2= .382089 
= ,40 RI: .344578 R2= „344578 
E ‚50 #12 ,308238 R2=: .308533 
š ‚60 KI: .274253 R2= .274253 
H = «70 К1= .241964 R2= .241964 
Е ‚80 К1= .211855 R2- .211855 
z «90 RI: .184060 R2: .184060 


‚335542 RD= .455314 
291414 RD= .413903 
.250000 RD= .373408 
211758 RD= .334247 
.177022 RD: .296795 
145992 RD= .261373 
118734 RD: .228243 
095195 RD: ,197602 
«075215 RD: .169576 
‚058546 RD: .144229 
044883 ND: .121559 
‚033878 RD: .101511 


ип dH të dë të të dë dë 00 6, ກ 


Ex - 3,00 
H= -2,90 
H= -2.80 
H= -2.70 
Hz -2,60 
Hz -2.50 
H= -2.40 
н= -2.30 
Н= -2.10 
H= -2.00 
H= -1.90 
H= -1.80 
Hz “1.70 
H= -1.60 
ՎՀ -1.50 
HI -1.40 
H= -1.30 
Hs -1.20 
Hs -1.00 
us -,90 
Hz  -.80 
Hs -.70 
Hz  -.60 
HZ -.50 
н=  -.40 
Hz -.30 
E -.20 
ES -.19 
н=  -.00 
 ” 0 
= ,20 
” .30 
ա .10 
MEC 50 
MET .80 
ເ ли 
Hs: „ვს 
Hz ‚90 


TABLE 2.16 


Table of Component and System Reliabilities for 


RI: 
His 
RI = 
RI: 
R = 
кіс 
<1> 
ЕЎ = 
RE z 
Ris 
R1z 
R1- 
К] = 
81 > 
R1 = 
RI: 
PI: 
Kis 
kl: 
=.= 
Riz 
Kis 
18 
Кі = 
Ris 
R1- 
C 1 = 
RI: 
າ ໃຈ 
HM 
Ki: 
Ris 
Ra = 
π1Ξ 
Ris 
KI: 
KI: 
Ris 
кіс 
ເ > 


‚998650 
„998134 
. 997445 
996535 
‚995339 
‚993790 
‚991802 
‚989276 
‚986057 
992136 
‚977250 
‚971284 
‚954070 
955435 
945201 
‚9353193 
‚919245 
905199 
‚884930 
‚864334 
‚841345 
‚815940 
‚788142 
‚758036 
‚725747 
‚ 691462 
‚655422 
461 7 911 
519260 
‚539828 
‚200000 
‚ 460172 
420740 
‚382089 
. 344378 
. 308538 
214255 
241964 
211855 
184960 


A 


21.0 


Re = 
8 ὁΞ 
Qe: 
82- 
R2= 
R2= 
R2= 
R2- 
R2= 
R2- 
R2- 
R2= 
R2= 
HA: 
KEE 
R2= 
R2= 
Re = 
Rez 
Re: 
Re: 
R2= 
Re = 
Яг: 
R2= 
KEE 
R2= 
R2= 
R2= 
R2= 
яа: 
22 
Qe: 
R2= 
EE 
R2= 
R2= 
R2= 
R2= 
R2= 


RHO 


‚998650 
‚998134 
‚997445 
‚996533 
‚995339 
. 993790 
. 991802 
‚ 989276 
. 986097 
982155 
911250 
‚971284 
‚964070 
‚955435 
‚945201 
955195 
919245 


.903199 


·884930 
.864334 
.841345 
.815940 
‚788145 
.758036 
.725747 
. 691462 
‚655422 
‚617911 
519260 
559828 
. 500000 
460172 
. 420740 
‚382089 
. 344578 
. 908538 
214253 
. 241964 
‚211855 
.184060 


гининиииииинии 


puma լագ φ = ўшы to m Q? b զա 


A 
ини 


vë 


A ն E D D д) А) А, А, А; 
за фа ϱ- fund = τς ўшы — απ ϱ- 
11 


RI: 
QI: 
als 
4] = 
1 = 
ՀԱ» 
RI: 
“Із 
A ps 
“Іс 
ຈ > 
21: 
SL 
4 | = 
У | = 
4 1 = 


9 


. 997502 
‚ 996272 
.994896 
. 993078 
.990699 
987619 
. 983672 
978667 
. 972387 
‚964290 
955017 
‚943392 
929450 
"912855 
. 893404 
. 870849 
.845008 
.815/69 
. 783102 
‚747073 
‚707861 
«665758 
621172 
574619 
526709 
.478120 
429578 
. ¿81814 
359542 
291414 
. 250000 
‚211758 
‚177022 
‚145992 
‚118734 
095195 
. 075215 
. 058546 
. 044883 
053878 


RD: .997911 
RD= .997136 
RD= .996112 
RD= .994770 
RD= .993030 
KD= .990799 
KD= .987965 
RD= ,984403 
RD= .979971 
RD= .974513 
KD= ,967861 
RD= .959835 
RD= .950252 
RD= .938926 
RD= .925675 
RD= .910334 
RD= .892752 
RD= .872809 
RD: .850420 
RD= .825541 
RD= .798179 
RD= .768395 
RD= .736306 
кр: .702088 
RD= .665974 
RD= .628250 
RD= .589249 
RD= .549340 
RD= .508922 
RD= .468408 
RD- .428216 
RD= .388753 
RD= .350402 
ROS”. 306551 / 
RD- .278405 
RD= .245325 
RD= .214481 
RD= .186015 
RD= .160017 
RD= .136515 


TABLE 2.20 
Table of Component and System Heliabilities for 


жет, 7% ННІ) 21,0 

H= -3,00 Ris ‚998650 R2= ,998650 41s .997302 RD: ,998650 
Hz -2,90 Riz ,998124 R2= ‚998134 31s: .996272 RDz ,998134 
us -2,80 Ris ,997445 R2= .997445 312 .994896 Ro: .997445 
Hz -2,70 Ri: ‚9965335 82: ‚996533 341: .993078 RD: .996533 
H= -2,60 Ri= ‚995339 82- ‚995339 AI: .990699 Rps .995339 
На -2.50 Riz .993790 R2: .993790 31: .987619 RD: .993790 
H= -2,40 Ri: .991802 R2= ,991802 31: .983672 RD: .991802 
H* -2.80 Ris .989276 R2= .989276 Ais .978667 RD: .989276 
H= -2,20 Н1- ,986097 822: .986097 41: .972587 RD: . 986097 
Hz -2.10 H1: .982136 R2: .982136 41s .964590 RDs .982136 
Hz -2,00 RI: ,977250 RA: ‚977250 31: .955017 RD: .977250 
Hz -1.90 ki= .971284 R2: .971284 Il: .943392 RD: .971283 
H= -1,80 851: ,964970 R2s ,964070 3]: .929430 RD= ‚969070 
Hz -1.70 #12: .955435 R2: .955435 ՀԼ: .912855 Կ0Հ ,955435 
Hz -1,60 641: ‚945201 R2= ‚945201 21= .893404 нр= ,945201 
HS “1.50 Ris ‚933193 R2: 933195 412: .870849 RD: .933193 
H= -1,40 RI: ‚919243 R2= ‚91924 31: ,845008 RD= ‚919243 
H= -1,30 Ris .903199 R2: ,903199 31: .815769 RD: .903200 
Hs: -1,20 His ‚884930 42: .884930 41- .783102 нр= .884930 
HS -1.10 Pis ,864334 R2= „864334 23]= .747073 RDz .864334 
Hs -1.00 Ris ,84914$45 142: ,8421345 qi: .707861 RD: ‚841345 
HS -,90 Fi1s .815340 #82= .815940 3412: .665758 RD: .815940 
Hz -,80 Ris ,788145 R2- ,788145 31= .621172 RD: .788145 
Hz -,70 ki: ,758936 R2= .758036 312 .574619 ND: .758036 
Hz -,60 Rize ‚725747 Ree ‚725747 31: .526709 ups .725747 

= -,20 Ris „691962 R2= ,691462 Qi: ‚978120 Ro: ,691462 
Hz -.40 R1: .655422 R2= ‚655422 31: .429578 RD: ‚655422 
HS -,30 Ris ,617911 ке: ‚617911 31= .381814 RD: .617911 

= -,20 RI: ,579260 ՀՅ ,579260 31|- .535542 RDs .579260 
Hz -,10 Rize ‚539928 я2= ,539828 ais .291414 RD: ‚539828 

= -,00 Ris ,500000 Res ,500000 31s .250000 kp= .500000 
Hz ,10 Rs .460172 R22 ,460172 ale „211758 xD= .960172 
Hz ‚20 Н1: ‚420740 Ree , 420740 4І= .177022 яр= . 420740 
Hz ‚30 к1= ‚382089 R2= ‚382089 31: .145992 "Ds .382089 
Hz ‚40 RI: .344578 #82: .344578 31s .118/34 RDs .344578 
Hz .50 ніз .308238 R2= .308538 1: .095195 RD: „308538 
Hz ‚60 RI: .274253 R2= ‚274253 31: .075215 RD: .274253 
Hz ‚70 RI: ,241964 p2= ,241964 341: .058546 Rp: .241964 

- ‚80 Ri= „211855 R2= .211855 i31: .044883 RDs .211855 

z ‚90 Ві: .184060 R2= ‚184060 als .033878 RD: ,18%060 
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TABLE 


8 18 


R40 = .1 


.000005 
.000006 
.000009 
.000016 
.000026 
.000042 
.000067 
.000104 
„000159 
‚000240 
.000354 
.000515 
‚000729 
‚ 001018 
‚001393 
„001871 
.002465 
‚ 003188 
‚ 0040434 
‚ 002034 
‚ 006149 
‚ 007368 
‚ 008663 
‚ 009995 
‚011312 
‚012565 
‚015688 
‚014632 
‚ 015346 
. 015791 
‚ 012942 
. 012791 
‚015346 
„014632 
„013687 
‚012564 
‚011315 
,009995 
‚008664 
‚007368 


0 


e 


A 


. ຽ 


000022 
000046 


„000059 
000099 
‚000145 
‚000224 
‚000339 
.000206 
.000745 


001075 


. 001524 
.002129 
„002929 
‚003954 
‚ 2258 


006867 


.008824 
‚011147 
013844 
‚ 016903 
‚020286 
‚023931 
. 027748 
‚ 031622 
. 032417 
‚038984 
092170 
. 044827 
‚046828 


• 


• 


• 


• 


• 


• 


048071 
048455 
048072 
046328 
044827 
042169 
038984 
035417 
031622 
027748 
023931 


TAB CE "2721 


IS RATIO OF PARAMETERS K/H 


‚3 


‚000080 
‚000124 
‚ 000190 
‚ 000288 
. 000429 
. 000631 
. 000912 
‚001310 
.001850 
‚002276 
‚003535 
‚ 004784 


‚006380. 


008586 


‚010861 
‚013860 
‚017423 
‚021572 
‚026304 
‚031585 


• 


037343 


.043465 


049805 


‚026171 


062355 
068124 


‚073245 


077497 


. 080686 
. 082663 
‚083333 
‚082669 
.080686 
.077497 
.073245 
.068124 
.062355 
.056171 
‚049804 
„043465 


43 


"и 


.000228 
.000398 
‚000494 
«000716 
.001023 
. 001447 
‚002022 
‚002793 
‚0039812 
. 002139 
. 006844 
. 009002 
. 011691 
. 014991 
. 018975 
‚023703 
. 029216 
‚035528 
‚092616 


. 058808 
. 067633 
‚076577 
. 082682 
994364 
.102406 


109509 


. 112381 
‚ 119772 
‚ 122489 
. 123408 
. 122489 
‚119772 
‚115381 
‚109209 
. 102406 
. 094361 
‚ 085682 
‚076677 
‚ 067633 


9 


000609 
000864 


‚001215 


001692 


‚ 002331 
‚ 003180 
. 004293 
005736 
. 007284 
‚009923 
. 012843 
016444 
.020822 
‚026070 
‚032273 
. 039485 
. 047744 
. 057040 


‚067318 
. 078468 


‚ 090318 


‚102637 
. 119134 
.127469 


‚139266 
‚150130 
„159671 
„167525 
„173380 
„176994 
„178216 
‚176994 
‚173380 


167525 


159671 


150130 


‚139266 


, 127469 
‚115134 
. 102637 


OF BIVARIATE NORMAL RELIABILITY DIFFERENCES 


1.0 


‚001348 
.001862 
. 02590 
‚ 003455 
. 004640 
. 006171 
. 008130 
‚ 010609 
. 013710 
‚ 0175245 
‚022232 
‚027892 
. 034639 
‚042579 
. 021796 
‚ 062344 
‚074235 
‚087430 
‚101829 
‚117261 
‚133484 
.120182 
.166973 
‚183417 
. 199038 
‚ 213342 
‚225844 
‚236097 
. 243718 
248414 
.250000 
‚ 248414 


243718 


. 236097 
‚225844 
‚ 213342 


199038 


. 183417 
‚ 166973 
. 150182 
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TABLE OF 


BI"ARIATE NORMAL HELIABILIIR:s 


ເມ "sl Uh vi P Ge IN) I <? “+ DN (м Ae YO Ωω O O PON A YO Νω => + ,ນ Կ P Mi uy 0 хе 


RHO = 


A 


МАВ. Е 2.22 


= F. ° 


.000071 


.000102 
‚ 000143 
‚000199 
‚000274 
‚000372 
‚000499 
. 000662 
‚ 000867 
‚001123 
‚001957 
‚001817 
‚002269 
‚002801 
‚ 003416 
‚ 004116 
‚ 004901 
005766 
‚006701 
‚007696 
‚008733 
‚009791 
‚010845 
„011870 
‚012836 
013715 
‚019478 
013101 
„015563 
.015846 
‚ 012942 
. 012847 
„012563 
„015101 
‚014478 
„013715 
. 012836 
‚ 011870 
‚ 010846 
. 009791 


45 


11 


7 


‚000027 
‚000040 
.000060 


000089 


‚000130 
‚000187 


000265 


.000370 
000509 
‚ 000691 
. 000922 
‚ 002.21 
. 001289 
‚ 002038 
. 002577 
‚ 009213 
‚ 003949 
. 004786 
‚002718 
.006732 
.007821 
.008954 
.010106 
.011246 
‚012336 
2015542 
‚0152285 
„015922 
‚012495 
‚012829 
‚012942 
‚012829 
‚012494 
‚014922 
‚014225 
‚015342 
‚012336 
‚011246 
‚010106 
‚008954 


DIFFERENCES 


1.0 


.000003 
.000006 
.000009 
.000016 
.000026 
000042 
‚ 000067 
000109 
‚ 000129 


000240 
000324 


‚ 000213 
‚ 000729 
‚ 001018 
‚ 001393 
‚ 001871 
‚002465 
‚ 003188 
‚ 004044 
‚ 002034 
‚ 006149 
‚ 007368 


008664 


‚ 009992 | 
011512 
‚012563 


е 


015688 


‚014632 


015346 


„012791 
‚ 012942 


012791 


‚019346 
‚ 014632 
‚ 013687 
‚012563 
‚011313 


009995 
008664 
007368 


BIVARIATE NORMAL RELIABILITY DIFFERENCE, Rp-Rr ! VS 


MISSION TIME, H, РОВ ВКО = 0.1 
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TABLE 272) 


TABLE OF BIvARIATE NORMAL RELIABILITY DIFFERENCES 


RHO = .7 

H А = ,5 > tag 
e 0 .001072 .000792 .000228 
2.3 ‚ 001460 001093 ‚000338 
-2.8 .001968 ‚001495 ‚000494 
7 ‚ 002626 ‚002020 .000716 
" ό .003468 ‚ 002202 ‚ 001023 
SS. ‚004533 093586 ‚001997 
.2.4 ‚005866 ‚ 004706 ‚ 002022 
р.з ‚007511 . 006112 . 002793 
-2.2 .009220 .007856 ‚003812 
Xe 1 ‚011942 009994 ‚002159 
-2.0 ‚ 014826 012579 ‚006844 
RS „018215 2015667 ‚009002 
-1.8 ‚022197 . 019302 ‚ 011691 
р 27 ‚026649 ‚023534 ‚ 014991 
-1.5 ‚031732 ‚028381 ‚018975 
A o. ‚037390 035854 ‚023709 
-1.4 .043598 ‚ 039941 ‚ 029216 
¿TES 050304 ‚046605 ‚035528 
зе г ‚057434 .053779 ‚092616 
-1.1 ,064887 .061367 ‚0504914 
i 0 ‚ 072538 ‚069242 . 028808 
-.9 .080237 .077248 .067635 
-.8 .087819 ‚082206 ‚076677 
- .7 .0951ῃ4 .092917 ‚085682 
-.6 .101908 „100171 ‚094361 
-.2 .108042 . 106757 ‚102406 
E ‚113341 112471 109509 
- ຽ .117640 .117130 ‚115381 
- .2 ‚120810 . 120377 . 119772 
-.1 „1227583 ‚122694 ‚ 122489 
- .0 ‚123408 . 123408 . 123408 
A ‚122754 ‚122694 ‚122489 
‚2 ‚120810 ‚125377 119772 
. ຽ .117640 ‚117130 ‚115381 
„4 ‚113341 ‚112471 ‚109209 
„5 ‚108045 ‚106757 ‚102406 
‚6 ‚101908 ‚100171 ‚094361 
57 ‚ 095104 ‚ 092917 ‚ 085682 
. 8 ‚087819 ‚085206 ‚076677 
. 9 ‚080237 .077248 ‚ 067633 
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3. The Multivariate Normal Distribution 

In this section the investigation will be extended to 
the multivariate case. That is, the effect of correlation 
on reliability prediction will be examined in the case of 
series systems with joint normally. distributed component 
failure, where the system is Composed of three or more com- 
ponents. Data will be presented for selected systems of 
four to twelve components. 
3.1 System reliability 

To preserve continuity, the mathematical structure pre- 
sented in section 2 will be used as a Starting point for 
the development of the multivariate normal reliability 
difference function. Expression (2.3) gave the system 
reliability for the bivariate case. An analogous expres- 
sion for the multivariate case is 


1/2 со օօ 


where the vector of lower bounds, H' - (Aj h, 

Е т, ` «ել» 
and $ is the inverse of the covariance matrix V. (See 
section 1.1) In the analysis which follows, hy - h, = 
hy and Էլ a = En. 
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The expression for system reliability under the indepen- 


dence assumption becomes 
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3.2 Reliability difference function 

As in section 2.2, the reliability difference function 
will be defined as the difference between system reliability 
with no independence assumption, and that for which indepen- 
dence is assumed. Thus, for the multivariate case, relia- 
bility difference function, AR(H), is given by 


R. (H) - R (H), (3.4) 


where Ву (Н) апа К. (Н) are defined by (3.1) and (3.3) 
respectively. 

A computer-assisted analysis was made of the reliability 
difference function defined above, using various assumed 
values of the vector of lower bounds, H, and covariance 
matrix, V. The program was translated from [6] with certain 
modifications and improvements. [4], [3] An analysis and 
tabulation of the results follow. 

3.3 Explanation of tables and graphs 
A few minor differences exist between the symbols which 


appear in the following tables and graphs and those defined 
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above. The following are equivalent: 

ED = Rp (H) 

RI = R, (H) 
"COVARIANCE" and "COV", as appearing in the tables and graphs, 
refer to the off-diagonal elements of the covariance matrix. 
The absolute value of each of these elements was assumed to 
be equal in all cases studied. 

The ratio of the number of elements whose value is 
positive to the number of elements whose value is negative 
is denoted by R. (See Figure 3.8 and Tables 3.07-3.09.) 

Tables 3.01-3.09 summarize the data computed for the 
multivariate normal distribution with selected values of 
H, covariance, and N. H represents time (see expression 3.1), 
and N represents the number of system components. 

3.4 Analysis of results 

Figures 3.1 and 3.2 are analogous to Figure 2.3. in 
these figures the variation of the reliability ditference 
function with H has been extended to the cases for which N 
equals 6 and 10 respectively. A comparison of these curves 
indicates that their shape has remained approximately the 
same. Two things should be noted, however. The maximum 
reliability difference has increased, and the point of its 
occurrence has shifted toward the left. This is readily 
apparent in Figure 3.3, in which the reliability difference 
function has been plotted for several values of N. The 
reliability difference maximum has increased from .12 for 
N equal 2 to .43 for N equal 12, and the point of occurrence 


of the maximum has shifted from H equal 0 to H equal -1.0. 
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The influence of system complexity, N, on the reliability 
difference function is clearly demonstrated by Figure 3.4. 
The reliability difference increases steadily with N, and 
for values of covariance greater than .5, the relation is 
approximately linear. The graph is made for a value of H 
equal to -1.5. Figure 3.5 is a similar graph with H equal 
to =2.0. 

It would appear from these figures that the reliability 
difference function increases with the value of the co- 
variance. To show this more clearly, the difference function 
was plotted against covariance for given values of H. The 
results are shown in Figures 3.7 and 3.7. Within the range 
of the values of covariance for which data was computed, it 
may be seen that the relationship between the difference 
function and system covariance is approximately a linear one. 
As might be expected, slope increases with N. This result 
could prove useful in estimating the reliability difference 
of a system with a certain covariance matrix when the 
reliability difference of a similar system with a different 
covariance matrix has been computed. Perhaps even more im- 
portant, however, is the avenue for system reliability 
improvement which is suggested. Given two systems, identical 
in that the component reliabilities of each are the same, 
one could improve the reliability of one system over the 
other by somehow increasing the value of the elements of the 
covariance matrix of that system. 

The relation between the reliability difference and the 


covariance matrix is likewise rather predictable when 
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negative elements are introduced into the matrix. Tables 
3.07 and 3.08 indicate the effect. Table 3.07 is for N 
equal 4, and Table 3.08 is for N equal 8. This data is 

lO Led in Figure 3.8; R is as defined in section 3.3. It 
may be seen that despite the existence of -non-zero co- 
variances, the reliability difference may be negligible for 
certain R. It is interesting to note, however, that in the 
cases examined when R = 1/1, a reliability difference 
existed which was positive and' not negligible. (See Table 
3.09.) Here is an area in which further study would be 
worthwhile. 

Figure 3.9 shows the plot of N-variate normal relia- 
bility differences vs N for selected values of system relia- 
bility computed using the product rule. For all values of 
В. (Н) considered, the reliability difference is an increas- 
ЖЕН function of N. Figures 3.10 and 3.11 indicate the 


relationship between the reliability differences and R_(H) 


ЈЕ 
for covariance equal to .3 and .7 respectively. The magni- 
tude of the reliability difference is, as we have seen, 
proportional to the covariance. When the covariance is 
relatively low (see Figure 3.10), the reliability difference 
is less than .10 for R. (H) greater than .60. As correlation 
increases, however, in the intermediate reliability range 
(which I shall arbitrarily denote as that region for which 
.30<R (H) <.90) , the reliability difference becomes an 
important factor, as evidenced in Figure 3.11. Indeed, 


this figure suggests that for 3; (Н) «60, the product rule 


provides a poor approximation of system reliability. 
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Figures 3.1 and 3.2 present, for N=6 and N=10 respectively, 
graphs of multivariate normal reliability differences vs H. 
The upper curve is for COV = .7, the middle curve for COV = .5, 
and the lower curve for COV = „3 . These figures are 


analogous to Figure 2.1 


Example: 
Given: 
N = 10 
COV = 3 
H = 5 
From Figurë 2 
AR (H) = .10 
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VISSICN TIME, E, FOR AN N=10 COMPONENT SYSTEM 





ՆԱ ԱՐ ono presents, for COV - .7, graphs of multi- 
variate normal reliability  –_ vs Н. Each curve 
represents the difference function for a given value of N. 
The influence of N on the difference function may be readily 
seen in this figure. 

Example: 

Given: 


COV 
H 


L 7 
πα, Y 


Increasing N from 4 to 8 will result in a 
AR, (H) increase of .36 - .19 = .17 
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Figures 3.4 and 3.5 present, for H = -1.5 and -2.0 
respectively, graphs of multivariate normal reliability 
differences vs N. The upper curve is for COV - .7, the 
middle curve for COV = .5, and the lower curve for COV = .3 

Figures 3.6 and 3.7 differ from the above only in that 
COV lies on the abscissa and the curves are plotted for 
selected values of N. 

These two sets of figures are intended to show the in- 
fluence of the number of components and the covariance 


upon the reliability differences. 
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Figure 3.8 presents graphs of multivariate normal relia- 
bility differences vs log R, where R is the ratio of the 
number of positive elements to the.number of negative ele- 


ments in the covariance matrix, for selected values of H 


and N. 
Example: 
Given: 
Н = -0.5 
М = 4 
Covariance matrix contains 8 positive 
elements (not including main diagonal), 
and 4 negative elements. 
Then: 


log R= log 8/4 = 1092 = .3 . From 
the appropriate curve, with this 
value of log R, a reliability 
difference of .06 is approximated. 
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Figure 3.9 presents graphs of multivariate normal 
reliability differences vs N, for selected values of RI. 
RI represents system reliability computed using the product 
rule, that is, system reliability computed under the assump- 
tion of independence. If COV = .7, this figure may be used 
to compute Во (Н), given the component reliability and the 
number of components in the system. 

Example: 


Given: 


Then: 
(R. (H)) = Т = Кїз "Ան 


assuming component reliabilities 
are equal. 

From the curve, "RI = .44" , a 
reliability difference of .28 is 
approximated. So Rp (H) = 
.44 + .28 = .72 
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Figures 3.10 апа 3.11 ркввепс, tor CO m 7 
respectively, graphs of multivariate normal reliability 
differences vs RI. In Figure 3.10, no attempt has been 
made to draw smooth curves through the data points. 
Rather, curves have been drawn to indicate the region 
within which the data points lie. In Figure 3.11, curves 
have been drawn for selected values of N. 

Example: 

Given: 


СВУ = .7 
RI = .60 


Find дку (Н) for N = 2 and N = 8: 
From Figure 3.11, 


is .08 


ի 
N 


AR, (H) for N 


AR, (H) for N πα 20 


|| 
со 
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Figures 3.12-3.14 provide an easy means of comparing the 


variation of RD and RI with H, for selected values of N and 


СОМ = .7 . The upper curve represents RD, and the lower 
curve RI. System reliability is on the ordinate. 
Example 1: 
Given: 
N = 12 
RI = .80 
СОУ = .7 
Find RD: 


Example 2: 


Given: 


From Figure 3.14, RD is found 
to be .92 


N = 4 
Desired system reliability = .90 = RD 
СОМ = .7 


Find required component reliability: 


From Figure 3.12, RI = .83 


R, (H) = (аз ЕЁ = .955, assuming 


component reliabilities are equal. 
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TABLE 3,01 


TABLE OF N-VARIATE NORMAL RELIABILITY DIFFERENCES 
N= 4 


H RD RI RO-RI 


FOR COVARIANCE = «3 


“205 .98 „98 „01 
“200 .94 .91 «03 
“li «81 е 16 „05 
“160 059 650 209 
-.2 e 26 „23 • 13 
ο0 e Lë «06 • 10 
.5 «Об .01 .05 


FOR COVARIANCE = 。5 


TE uS . 98 «98 «00 
“2060 e 94 „91 „02 
-1.5 . 84 16 209 
-1.0 .63 .50 • 13 
“05 e4l «гЗ «18 
.0 • 23 :06 • 16 

9 2 «09 .01 .08 


15 


TABLE 3.01 (cont.) 


TABLE OF N-VARIATE NORMAL RELIABILITY DIFFERENCES 
N= 4 


H RD RI RD-RI 


FOR COVARIANCE = 27 


-2 5 298 298 901 
անն „95 991 203 
-1.5 • 85 476 .10 
-1.0 e 69 .50 • 19 
-.2 e 50 e23 • 27 
-οὐ 047 218 • 28 
“ай e ^2 «15 • 27 
το • 31 • 11 «гб 
• 0 • 30 .06 • 23 

• 2 014 201 • 13 
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TABLE 3.02 


TABLE OF N-VARIATE NORMAL RELIABILITY DIFFERENCES 
N= 6 


H RD RI RD-RI 


БОК СОУАКТАМСЕ = •3 


-2。5 496 0 .96 .00 
-2。0 。90 .87 .03 
-1。5 .73 .66 .07 
-1.0 249 ER «ἰώ 
-.5 „25 aii 414 
0 «09 „02 408 
45 403 «00 .03 


FOR COVARIANCE = 5 


οὐ „97 096 «00 
-2.0 e 90 „817 203 
-1.5 • 19 e 66 • 13 
-1.0 .55 • 35 •20 
-.2 • 33 •11 • 22 
«Ὁ • 16 002 • 15 

• 5 «06 «00 «06 
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TABLE 5.02 (cont.) 


TABLE OF N-VARIATE NORMAL RELIABILITY DIFFERENCES 
Ме 6 


H RD RI RD-RI 


FOR COVARIANCE = •7 


-2.5 e 97 696 «01 
-2.0 «92 • 87 .05 
-1.5 • 82 e66 • 16 
-1.0 οδό • 35 ο 28 
-օ1 .50 •19 • 31 
“аэ 244 ell • 33 
«0 e 24 202 • 23 
«Э • 10 • 00 • 10 
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TABLE 3.03 


TABLE OF N-VARIATE NORMAL RELIABILITY DIFFERENCES 
N= 8 


H RD RI RD-RI 


FOR COVARIANCE = «З 


-2.5 • 95 «95 «00 
-2.0 • 86 .83 «ОЗ 
-165 «68 .58 « 10 
-1.0 244 025 • 19 
-.5 • 19 .05 .14 


FOR COVARIANCE = «5 


-3օ0 e 99 «99 «00 
“205 696 «95 201 
“200 • 89 083 «06 
-165 «72 «28 • 12 
-1.0 053 225 427 
- 2.5 e 28 «95 •23 

• 0 • 12 e00 • 12 
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TABLE 3.03 (cont.) 


TABLE OF N-VARIATE NORMAL RELIABILITY DIFFERENCES 
Nx 8 


H RD RI RO-RI 


FOR COVARIANCE > «7 


-3.0 «99 «99 e UU 
“205 •97 «99 «02 
-2.0 «91 .83 .08 
-1.5 • 19 .>8 .21 
“100 «62 «25 օ37 
-«8 «54 «15 «39 
_ Š e 39 «05 ο34 
e 0 e20 e00 •20 


TABLE 3.04 


TABLE OF N-VARIATE NORMAL RELIABILITY DIFFERENCES 
N= 9 


H RD RI RD-RI 


FOR COVARIANCE = „3 


“300 099 299 • 00 
“de > e 95 . 95 e HU 
-2.0 • 83 •81 202 
“196 .67 694 • 13 

° 0 005 e HU .05 


FOR COVARIANCE = +5 


-2.5 . 95 .95 «01 
-2.0 .87 „81 .05 
-1.5 • 12 „54 „18 
-1.0 e 48 .21 • 21 
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TABLE 3.05 


TABLE OF N-VARIATE NORMAL RELIABILITY DIFFERENCES 
N= 10 


H RD RI RD-RI 


FOR COVARIANCE = .3 


-2.5 .95 .94 «01 
-2.0 .85 .79 .06 
5 .60 „50 .10 
-1.0 . 36 .18 .18 


FOR COVARIANCE = „5 


-2.5 .96 -94 .02 
-2.0 .87 .79 .07 
-1.5 .71 „50 L2) 
zie .45 .18 .27 


FOR COVARIANCE = .7 


-2.5 97 .94 .02 
-2.0 .21 T9 .12 
-1.5 “78 „50 „28 
-1.0 „51 ‚18 39 
-0.9 55 56. .40 
-0.8 ‚49 .09 .40 


TABLE 3.06 


TABLE OF N-VARIATE NORMAL RELIABILITY DIFFERENCES 
Ns 12 


H RD RI RD-RI 


FOR COVARIANCE = .5 
-1.5 .65 .44 see 


FOR COVARIANCE = .7 


-2.5 .97 .93 .04 
-2.0 .89 .76 ‚12 
-1.5 ДЬ „44 31 
-1.0 ‚56 .13 ‚45 
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Tables 3.07, 3.08, and 3.09 give some insight into tie 
net effect on the reliability difference when both positive 
and negative covariances are present in the covariance 
matrix. It is known that if the. elements of the covariance 
matrix are all positive, the reliability difference will be 
positive. If all negative, the reliability difference will 
be negative. If, on the other hand, the ано of the number 
of positive elements to negative elements is R, the reliabil- 
ity difference may be positive or negative, depending upon 


the value of R. 


Example 1: 
Given: 
N24 
no. positive elements - 2 
no. negative elements = 10 
cov = 1.3] 
H = -1.0 
Then: 2 
R = 106 = 125 
Entering Table 3.07 with R = 1/5 
and H = -1.0, it is found that 
RD-RI = -.01 
Example 2: 
Given: 
В = 1/1 
СОМ = .7 
Н - 7725 
Тһеп: 


Entering Table 3.09 with COV = .7 
and Н = -0,5, it is found that 
RD-RI = +.04 
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TABLE 3.07 


TABLE OF N-VARIATS NORMAL RELIABILITY DIFFERE:CES FOR COVARIANCE = + OR - 
«3 IN RATIO R, NUMBER POSITIVE ELEMENTS/NUMBER NEGATIVE ELEMENTS, FOR N=4 


H RD RI RD-RI 
R= 5/1 

-1.5 ‚19 .76 .04 

-1.0 ‚58 «20 «08 

-.5 «34 ‚25 au 
R- 2/1 

-1.5 .79 «16 «04 

-1.0 .57 «50 СОТ 

-.5 .30 .23 or 
R= 1/1 

-1.5 "Г «16 ຂຽ] 

-1 .0 .54 .50 .04 

-.2 .26 ‚2% .05 
R= 1/2 

“1.2 «17 «16 „01 

-1.0 „52 „50 .02 

-.5 .22 .23 -.01 
R- 1/5 

-1.5 «16 «16 .00 

-1.0 ‚49 50 -.01 

8:5 .18 «22 -.05 
R= 0/6 

-1.5 TA .76 -.02 

-1.0 .44 .50 -.06 

25 .12 25 -.11 
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TABLE 3.08 


TABLE OF N-VAHIATE NORMAL RELIABILITY DIFFEHENCES FOR COVARIANCE = + О. - 
.3 IN RATIO R, NUMBER POSITIVE ELEMENTS/NUMBER NEGATIVE ELEMENTS, FOR N=8 


H RD болы пре 
R= 6/1 
-1.0 .39 .25 «14 
R= 3/1 
-1.0 .33 45 ,08 
R= 1/1 
2160 SCH .25 .02 


TABLE 3.09 


TABLE OF N-VARIATE NORMAL RELIABILITY DIFFERENCES FOR COVARIANCE = + ОК - 
IN RATIO R, NUMBER POSITIVE ELEMENTS/NUMBER NEGATIVE ELEMENTS, FOR N=4 


R s 1/1 
H RD RI RD-RI 
COV=.3 
-1.5 • (1 ‚16 ‚01 
O „54 „50 .04 
-.5 . 26 .23 .03 
COV=.5 
-1.5 ‚19 ‚16 .03 
-1.0 . 56 .50 05 
-.2 26 23 03 
COV=.7 
-1.2 ‚81 ‚16 „05 
-1.0 .58 .50 .08 
#5 .26 .23 •04 
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APPENDIX I 
USE OF TABLES WHEN NORMAL FAILURE DISTRIBUTION 
IS OTHER THAN STANDARD (0,1) 
As stated previously, the data in the tables of sections 
1 and 2 vere computed for the standard normal (и. = 0,0,° = 1). 
The purpose of this appendix is to explain how to use these 
tables when the normal failure distribution is not "Standard". 


1.1 Use of the bivariate normal tables in section 2. 


Recall the following transformations from section 2.1: 


' Lg 
wes UT k = M (I-1) 
За ш 








One enters the tables with max(h,k) and A = min(h/k, k/h). 
If the distribution in question is not Standard normal, it 
may be seen from the transformations above that the values 
νη, Ἐ', μη, σι, 1ງ , and წა: must be known in order to use 


the tables. The example below will illustrate. 


Example 1: 
Given: 
h' = 10.0 hours Ki = 5.0 hours 
H = 11.5 hours U5 = 7.0 hours 
с, = с, = 24m) 
р RS 5 
Using (I.1), 
h 2 LH l5; к = XI Հ -1.0 
and, 
А = ВИК = .5 
Thus, Table 2.07, for A = .5, would be entered with H = -1.0 
and RHO = .5. A reliability difference of .048526 is so 
obtained. It should be noted that p'(h',k') = p(h,k). 


([7], раде 163.) If the calculated values of A and (or) 
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RHO are not among those tabulated, a linear interpolation 
may be made. À 
I.2 Use of the multivariate normal tables in section 3. 

Due to the fact that the multivariate normal tables of 
section 3 are not as complete as those of ¡section 2, their 
use is somewhat more restricted. In particular, the elements 


of which the H vector is composed must all be equal; similarly 


for the elements of the covariance matrix. 


Example 2: 
Given: 
N = 4 СОМ = ‚7 
ћ'у = 5.0 hours h'4 = 6.0 hours 
ງ = 7.0 hours μη Ξ 7.0 hours 
o, = 2.0 с. = IND. 
ດັງ = 8,0 hours h', = 1.0 hours 
Uo =12.0 hours ჟ 2.0 hours 
с, = 4.0 u Інай 
Using the transformations of (I-1), հլ - հշ - h3 = hy = -1.0. 
Entering Table 3.01 with COV = .7 and H = -1.0, a reliability 
difference 
RD-RI = .19 
is obtained. | 
In the likely event hy 天 h, 7 ..., the following approx- 
mation may be used: 
H = 1 ; ἃ. 
i=l 
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